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THF.  POSSIBILITY  FOR  A  LONG  RANGE  SOLUTION  FOR  SEAT  CUSHION  COMPOSITES  KAY  RESULT 
FROK  THE  CONTINUED  DEVELOPMENT  OF  FLEXIBLE  POL^IijUDE  AND  POLYPHOSPHAZ1NE  FOAM 
MATERIALS.  1  ' 
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ITEM  1 

CONSIDERATIONS  H >R  SHORT- TERM  RULEMAKING 

Rocommcnda t i  an  A: 

Reduction  of  the  potential  toxic  threat  from  therm."!!  decomposition 
products  by  controlled  selection  of  interior  materials  on  the  basis  of 
relative  performance  in  a  small-scale  toxicity  test  vilh  experimental 
animals  cannot  be _ r<  commended  by  this  committee  at  this  time. 

Recommend  .on _ B  : 

For  the  r.urposc  of  material  select  ion,  as.cssmen'  of  relative  toxicity 
from  results  of  chemical  nnal  ysir.  for  selected  components  of  thermal 
decor.iposil  ion  pieducts  catmot  he  roconwi  orb  ■' . 

Recur--  :endat  i  on  _C  : 

Although  neither  the  nl>s<  lute  nor  the  relative  nngni  t  odes  of  the  toxic 
threat  of  fire  envJ  i  cuimenl  r.  ran  hr  quantitated  (foi  lack  of  a  small-scale 
test  procedure  with  demonstrated  t  •Icvnuoe  and  reliability)  there  are. 
obvious  arid  unquest  i unable  means  available  at  this  t  i  me  for  reducing 
toxic  threat  in  the  postcrash  fire  situation. 

For  any  given  fire  scenario,  the  toxic  threat:  of  the  tesu.tunt  environment 
i  s : 

1.  A  direct  function  of  the  total  quantity  and  distribution  of 
combustibles  in  the  cabin, 

2 .  An  inverse  function  of  the  threshold  decompost tion  temperature 
and  subsequent  rate  of  degradation  of  the  involved  materials, 

3.  Proportional  to  the  time  required  to  evacuate  the  aircraft,  and 
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4.  Directly  related  to  tlie  total  quantity  of  the  cabin  a  tnospherc 
that  an  escaping  individual  is  forced  by  circumstance  to  inhale. 


Therefore,  despite  the  lack  of  a  toxicity  test  methodology,  it  is 
possible  to  a-'hieve  a  reduction  in  the  total  toxic  potential  by  controlling 
other  parameters. 


This  committee  recommends  that  serious  consideration  be  given  to  the 
potential  for  reducing  the  toxic  threat  and  thereby  increasing  passenger 
survivability  by  implementing  one  or  more  of  the  following  actions: 

1.  Restrict  the  quantity  and  local  concentration  of  unnecessary 
combustibles  in  the  passenger  compartment  (primarily  "carry-on"  and 
passenger  service  items). 

2.  Upgmde  the  flammability  (igni.tabi  1  ity)  requirements  for  all 
compartment  interior  materials. 

3.  Decrease  the  potential  Impediments  to  a  rapid  evacuation. 

4.  Thoroughly  evaluate  existing  "smoke  hoods"  and  require  their 
use  if  advantageous  to  survivability. 


x 
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ITEM  2 
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RECOMMENDED  RESEARCH  AREAS  fCQUIRINC  LONGER-TERM  ACTIV'J'IY  ANT  SUPPORT  IN 
ORDER  TO  IDENTIFY  AND  CONTROL  THE  TOXIC  THREAT  10  'PASSENGER  SHUT 1VABILITY 

Areas  specifically  related  to  development  of  a  relevant  and  reliable 
small-scale  test  for  toxicity: 

1.  Identify  appropriate  species  for  animal  model. 

2.  Identify  physiological  endpoint  most  appropriate  to  loss  of 
escape  potential. 

3.  Identify  smoke  components  responsible  for  loss  of  escape  potential. 

4.  Determine  that,  for  each  major  class  of  toxic  components,  human 
responses  can  be  suitably  predicted  from  animal  surrogate  responses. 

3.  Determine  relative  contribution  of  toxic  and  noxious  insults 
to  loss  of  escape  potential  in  test  animal  and  in -humans . 

6.  Determine  the  relative  importance  ol  the  several  fire  hazards, 
e.g.,  heat,  smoke,  and  toxicity. 

/.  Define  appropriate  mode  for  thermal  degradation  of  sample. 

8.  Determine  the  degree  to  which  heat  and  toxicity  interact. 

9.  Determine  the  contribution  of  scaling  factors. 

10.  Estimate  human  tolerances  to  the  individual  hazards,  and  to 
their  combinations. 

Areas  that  influence  toxicity  indirectly: 

1.  Continue  efforts  directed  toward  fire  control. 

2.  Continue  research  to  expedite  evacuation. 

3.  Continue  efforts  to  reduce  the  quantity  and  degree  of  exposure 
of  combustible  items  in  passenger  compartment. 

a.  Use  of  fewer  (or  less-combustible)  galley-associated  items. 
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b.  Stowage  of  galley  (and  other)  wastes  in  fire-hardened 
'  compartments . 

c.  Decrease  quantity  of  combustible  liquids  in  cabin. 

4.  Continue  research  on  smoke,  heat  ,  and  toxic-gas  protective 
devices  for  use  during  evacuation. 

a.  Investigate  practicality  of  a  portable  modification  of 
current  passenger  service  inask. 

b.  l.ncourage  material  reseat  ch  to  improve  hazard  proper  tit"'  other 
than  toxicity. 

a.  Improve  thermal  stability. 

b.  Decrease  evolution  of  optically  dense  smoke. 

c.  Decrease  the  combustible  (organic)  fraction  of  specific 
materials. 
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MINUTES  OF  MEETING 
SAFER  SUBCOMMITTEE  FOR 
MATERIALS  EVALUATION  AND  TESTING 
AUGUST  16,  17,  1979 


AMES  RESEARCH  CENTER 


MINUTES  OF  MEETING  OF 


MATERIALS  EVALUATION  AND  TESTING  SUBCOMMITTEE 
AUGUST  16  &  17,  1979 
AMES  RESEARCH  CENTER 

This  group  was  designated  as  the  "Materials  Evaluation  and  Testing  Subcommittee" 
by  the  Short  Time  Action  Subgroup  with  the  assignment  of  reporting  to  the 
SAFER  Technical  Group  on  Compartment  Interior  Materials  during  the  week  of 
September  25,  1979  concerning  the  two  following  items. 

1.  Feasibility  of  short-term  rules  for  flammability 
and  smoke. 

2.  List  of  long-term  objectives  to  increase  passenger 
survival  time  in  the  post-crash  fire. 

The  subcommittee  was  made  up  of  the  members  shown  on  Enclosure  1. 

The  meeting  was  convened  at  8:30  a.m.  (see  Agenda,  Enclosure  2)  ano  'he  cha,.-- 
man  made  a  short  presentation  on  the  conmittee  tasks  and  the  overall  organi¬ 
zation. 

A  review  of  the  FAA  hearings  held  in  1977  concerning  conclusions  as  a  basis 
for  SAFER  and  industry  needs  was  presented  by  Mr.  Bob  Sutton,  Douglas  Aircraft 
Company,  to  provide  background  information  in  support  of  the  present  meeting. 

Mr.  Henri  Branting  of  FAA  Headquarters  then  spoke  on  cabin  materials  sta:,dards 
from  the  point  of  view  of  rulemaking  and  discussed  the  pros  and  cons  of  an 
air  worthiness  standard  pertaining  to  aircraft  fire  safety  compared  to  a 
specific  standard  such  as  the  FAR  25  Bunsen  burner  test. 


The  Chairman  made  a  presentation  on  a  recommended  approach  for  the  corunittee 
to  follow  which  would  not  inhibit  discussion  or  initiative,  but  would  provide 
a  systematic  and  reasoned  approach  to  reaching  decisions  concerning  the 
committee's  major  tasks.  The  recommended  approach  consisted  of  establishing 
objectives  for  new  rule  making  based  on  expected  results  and  available 
resources  and  classifying  the  objectives  according  to  importance.  The 
alternatives  (potential  tests  for  new  rules)  would  then  be  evaluated  against 
the  objectives  which  would  result  in  a  numerical  ranking  of  the  alternatives 
and  provide  direction  in  selecting  optimum  alternatives. 

The  remainder  of  the  morning  was  spent  in  discussing  and  selecting  test 
objectives  and  ranking  them  according  to  importance.  The  seven  objectives 
selected  and  their  ranking  and  one  mandatory  requirement  (availabil ity  of 
test  method)  are  shown  on  Enclosure  3. 

The  afternoon  consisted  of  presentations  to  the  committee  on  candidate  test 
methods.  Mr.  G.  Sarkos  then  discussed  the  FAA  proposed  interim  standards. 

A  presentation  was  made  by  Mr.  Ev  Tustin  of  Boeing  on  a  proposed  crash  fire 
scenario,  and  a  description  of  the  current  status  of  the  combined  Hazard  Index 
program  was  presented  by  Mr.  Bob  Sutton  of  Douglas. 

After  a  short  discussion,  the  meeting  was  adjourned  until  the  next  day.  The 
meeting  reconvened  at  8:30  a.m.  on  August  17,  1979  and  it  was  decided  that  tie 
open  time  in  the  agenda  for  the  morning  should  be  used  to  evaluate  the  test 
alternatives  against  the  previously  agreed  to  objectives.  A  matrix  was 
generated  of  the  various  test  candidates  versus  the  objectives,  and  the  tests 
then  were  rated  from  1  to  10,  with  the  higher  number  being  indicative  of  the 
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test  closest  to  meeting  a  specific  objective.  Each  member  of  the  committee 
filled  out  an  evaluation  matrix,  i.e.,  each  test  was  given  a  number  by  the 
Individual  on  how  well,  based  in  his  judgment  and  experience,  it  met  each 
objective.  These  numbers  were  then  averaged,  multiplied  times  the  weight  of 
each  objective  and  then  summed  for  an  overall  numerical  rating  for  each  test. 
The  results  of  this  evaluation  are  shown  in  Enclosure  4.  The  Ohio  State 
University  heat  release  apparatus  received  the  highest  score  and  the  ASTM 
162  radiant  panel  test  was  second. 

Prior  to  this  evaluation,  the  committee  received  written  and  verbal  input 
recommending  consideration  for  testing  floor  coverings  in  the  NBS  flooring 
radiant  panel  apparatus  (ASTM  metnod  E-648  or  NFPA  No.  253-1978).  The 
recommendation  was  discussed  at  length  and  the  majority  opinion  was  that 
the  committee  did  not  have  enough  members  familiar  with  this  test  method  to 
give  it  a  valid  evaluation  when  compared  to  the  more  familiar  tests  currently 
being  used  by  most  of  the  participants.  Additionally,  the  philosophy  of 
adding  specialized  tests  for  various  applications  versus  one  or  two  tests  for 
all  applications  was  discussed.  The  consensus  of  the  committee  was  that  a 
specialized  test  for  floor  coverings  is  not  required. 

Prior  to  discussing  short  and  long-term  recommendations  the  committee  also 
discussed  the  potential  of  an  airworthiness  standard  as  reviewed  in  Mr.  Henri 
Branting's  FAA  presentation  and  in  more  detail  by  Mr.  Bob  Sutton  of  Douglas. 

The  Materials  Evaluation  and  Testing  subcommittee  recognizes  that  regulations 
based  on  go-no  go  material  burn  characteristics  must  be  continually  updated 
as  materials  continually  improve. 
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In  order  to  explore  other  possibilities.  Enclosure  5  is  a  rephrasing  of 
FAR  25.571  Fatigue  Evaluation  of  Flight  Structure  as  it  might  be  adapted  to  a 
Fire  Safety  regulation  pertaining  to  performance  rather  than  material  go-no  go 
limits. 

Sufficient  testing  standardization  and  analytical  background  to  support  this 
approach  does  not  currently  exist.  The  necessary  technology  is  presently  being 
partially  developed  and  in  the  future  when  sufficient  information  is  available 
to  fully  establish  the  future  impact  of  this  approach,  an  evaluation  may 
be  accomplished. 

The  committee  agreed  that  this  was  an  interesting  and  potentially  viable 
approach  and  agreed  to  consider  it  further.  At  this  time  the  committee 
returned  to  the  task  of  making  short  and  long-term  recommendations  based  on 
the  completed  evaluation.  Since  the  OSU  test  method  best  met  the  test 
objectives  but  will  not  be  available  by  October  1,  1979  (from  the  standpoint 
of  having  test  data  on  contemporary  materials  and  finalizing  test  procedures), 
this  test  method  was  formulated  into  the  following  long-term  recommendation. 
Expedite  the  development  of  the  OSU  chamber  and  evaluate  its  potential 
use  as  a  test  method  tool  for  combined  flammability,  smoke,  and  gas 
concentration  criteria  within  three  years.  A  plan  for  implementation 
will  be  prepared  by  this  corrm'ttee  by  December  15,  1979  (contingent  on 
approval  of  the  recommendation  by  the  SAFER  Advisory  Committee).  The 
following  organizations  represented  on  the  committee  and  having  OSU 
chambers  have  agreed  to  participate  in  the  development  and  evaluation: 
DuPont,  FAA,  Boeing,  Douglas,  Lockheed,  National  Bureau  of  Standards, 

Ohio  State  University,  Southwest  Research  Institute,  General  Electric, 
and  Owens  Corning.  Liaison  will  be  maintained  with  the  toxicity 
committee. 
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It  was  proposed  that  the  ASTM  E-162  radiant  panel  test  be  considered  as  an 
Interim  standard.  Most  of  the  subcommittee  felt  that  the  time  required  to 
develop  the  ASTM  test  for  aircraft  materials  and  acquire  the  data  would  be  as 
long  as  for  the  OSU  chamber.  The  subcommittee  voted  7  to  5  against  including 
the  ASTM  E-162  as  an  interim  procedure. 

As  an  interim  measure  it  was  recoimended  that  the  FAR  25  Bunsen  burner  test 
be  modified  to  correct  tests  for  materials  affected  by  melting  and  dripping. 

The  ASTM  F-7  committee  for  Flammability  of  Aerospace  Materials  (represented 
by  Dr.  G.  Nelson,  Chairman  of  F-7  and  on  the  subcommittee)  agreed  to  study 
this  problem  and  develop  procedures  to  correct  test  deficiencies. 

The  subcommittee  recognized  the  fact  that  the  NBS  smoke  chamber  test  has  been 
widely  used  by  the  FAA  and  the  aircraft  industry  even  though  there  is  no  current 
regulation  requiring  the  test.  The  subcommittee,  after  a  vote  of  7  for  and 
5  against,  recommended  that  the  NBS  smoke  chamber  test  be  standardized  at 
2.5  watts  per  sq.  cm.  in  the  flaming  condition  and  adopted  as  a  requirement 
for  aircraft  interior  materials.  Passing  levels  smoke  density  for  this 
test  were  discussed  and  it  was  agreed  that  these  levels  should  be  no  more 
stringent  than  those  numbers  generated  by  existing  materials  used  in  con¬ 
temporary  wide  body  aircraft.  Comments  received  subsequent  to  the  meeting 
recommended  that  as  the  airframe  manufacturer  already  perform  this  test  and 
submit  test  data  to  the  FAA  that  sufficient  government  control  is  already 
established.  Further,  the  test  does  not  meet  the  requirements  of  the 
objectives  in  that  Ds  levels  from  this  test  cannot  be  related  occupant 
survivability  in  the  post  crash  fire  scenario. 


The  philosophy  of  the  subcommittee  with  respect  to  the  two  recormiendations 
for  interim  standards  (improving  FAR  25  and  imposing  a  smoke  test)  is  that 
these  actions  will  not  serve  to  improve  aircraft  materials  or  increase 
passenger  survivability.  However,  the  tests  are  more  indicative  of  the  tests 
currently  being  used  for  wide  body  aircraft  and  are  more  than  required  by 
current  regulations.  Adding  these  requirements  increases  the  minimum  material 
acceptance  standards  until  the  OSU  chamber  can  be  standardized  for  flamnabil ity , 
smoke  and  gas  criteria. 

At  this  point  it  was  the  opinion  of  the  subcommittee  that  the  assigned  tasks 
had  been  completed  to  the  extent  possible  at  this  time  and  the  meeting  was 
adjourned. 


SUMMARY  OF  SUBCOMMITTEE  RECOMMENDATIONS 


LONG  TERM  -  Expedite  the  development  of  the  OSU  chamber  as  a  test  method 
for  combined  flammability,  smoke,  and  gas  concentration  criteria  within 

three  years. 

APPROACH  -  If  the  recommendation  is  approved  by  the  SAFER  committee, 

a  plan  for  implementation  will  be  prepared  by  the  subcommittee 
by  December  15,  1979. 

PARTICIPANTS  -  DuPont,  FAA,  Boeing,  Douglas,  National  Bureau  of  Standards, 
Ohio  State  University,  Southwest  Research  Institute, 
Lockheed,  General  Electric,  and  Owens  Corning  represented 
on  the  subcommittee  and  having  OSU  chambers  agreed  to 
participate  in  the  development.  Because  of  the  practical 
need  to  eventually  control  material  toxicity  through  the 
use  of  gas  concentration  levels  the  subcommittee 
recommends  that  liaison  he  maintained  with  the  toxicity 
subcommittee. 


SHORT  TERM 

FLAMMABILITY  -  The  FAR  25  Bunsen  burner  test  should  be  a  continued 

requirement  but  the  test  should  be  modified  to  give  more 
valid  results  for  materials  that  drip  and  melt  away  from 
the  flame.  The  ASTM  committee-07  Flammability  of 
Aerospace  Materials  accepted  the  task  of  modifying  this 
test  as  required. 


SMOKE  -  The  N8S  smoke  chamber  should  be  standardized  at  the  2.5  watts/ 
sq.  cm.  irradiant  level  in  the  flaming  condition  and  retained 
as  a  requirement  for  screening  aircraft  interior  materials. 

ASTM  £-162  RADIANT  PANEL  TEST  -  This  test  should  not  be  considered  for 

short  term  rulemaking. 

NBS  FLOORING  RADIANT  PANEL  TEST  -  A  specialized  test  for  floor  covering 

is  not  required  and  should  not  be 


considered  further. 
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MATERIALS  EVALUATION  AND  TESTING  SUB-COMMITTEE 
AMES  RESEARCH  CENTER 
BLDG.  223,  ROOM  100 
AUGUST  16,  1979 

8:30  a.m.  I.  ORGANIZATION  AND  SUBCOMMITTEE  TASKS  -  R.  W.  BRICKER 
8:40  a.m.  JI .  BACKGROUND 

A.  REVIEW  FAA  1977  HEARING  CONCLUSIONS 

AS  BASIS  FOR  SAFER  AND  INDUSTRY  NEEDS  - 
R.  J.  SUTTON  -  30  min. 

B.  REVIEW  FAR  25.853,  25,855,  25.139  AND  FAA 
OBJECTIVES  AND  NEEDS  IN  A  NEW  ROLE  - 
HENRI  GRANTING  -  30  min. 

9:40  a.m.  III.  RECOMMENDED  SUBCOMMITTEE  APPROACH  -  R.  W.  BRICKER 

10:00  a.m.  IV.  ESTABLISH  TEST/STANDARD  OBJECTIVES  AND  CLASSIFY 

ACCORDING  TO  IMPORTANCE  -  COMMITTEE 

12:00  NOON  LUNCH 

1:00  p.m.  V.  TEST  REVIEW 

BUNSEN  BUPNER  (FAR  25.853)  -  GUS  SARKOS  -  10  min. 

LIMITING  OXYGEN  INDEX  AND  THERMO  GRAVIMETRIC  ANALYSIS  - 
R.  W.  BRICKER  -  10  min. 

REVIEW  OF  NBS  SMOKE  CHAMBER  -  V.  BABRAUSKAS  -  10  min. 

OSU  RELEASE  RATt*  CALORIMETER  -  DR.  ED  SMITH  -  10  min. 

RADIANT  PANEL  (ASTM  E162-67)  AND  BOEING  MODIFIED  OSU  - 
E.  V.  TUSTIN  -  20  min. 

DAC  MODIFIED  OSU  -  R.  J.  SUTTON  -  10  min. 

LAB  TEST  VALLE  FOR  MATH  MODELING  -  DR.  C.  MacARTHUR  -  10  min. 


2:20  p.ir..  VI.  EVALUATE' EXISTING  AND  MODIFIED  TESTS  AGAINST  THE 
TEST  OBJECTIVES  -  COMMITTEE 

; 

3:00  p.m.  VII.  AGREE  ON  SUBCOMMITTEE  OVERALL  OBJECTIVES  TO  SATISFY 
FAA  AND  INDUSTRY  NEEDS  -  COMMITTEE 

3:30  p.m.  VIII.  CURRENT  PROPOSAL  STATUS 

FAA  PROPOSED  INTERIM  STANDARD  -  G.  SARKOS 

PROPOSAL  FOR  A  CRASH  FIRE  SCENARIO  -  E.  V.  TUSTIN 

DESCRIBE  THE  CHI  PROGRAM  -  R.  0.  SUTTON 

4:30  p.m.  IX.  CRITIQUE  THE  PROPOSALS  AND  RELATE  TO  END  ITEM  NEEDS  - 
COMMITTEE 

5:00  p.m.  ADJOURN 

AUGUST  17,  1979 

8:30  a.m.  X.  DEVELOP  MORNING  AGENDA  BASED  ON  PREVIOUS  DAYS  RESULTS  - 
COMMITTEE 

8:45  a.m.  XI.  COVER  PERTINENT  ITEMS  BASED  OH  DEVELOPED  AGENDA 
12:00  NOON  LUNCH 

1:00  p.m.  XII.  DEFINE  WORK  REQUIRING  COMPLETION  PRIOR  TO  SEPTEMBER  79 
MEETING  -  COMMITTEE 

A.  LAB  TESTS 

B.  TELEPHONE  aND  OTHER  COORDINATION 

2:00  p.m.  XIII.  PREPARE  A  LIST  OF  NEEDED  R&D  TO  INCREASE  OCCUPANT 
SURVIVABILITY  -  COMMITTEE 

3:30  p.m.  XIV.  DEFINE  ACT  ION  ITEMS  AND  ASSIGNMENTS  -  R.  W.  BRICKER 


5:00  p.m.  ADJOURN 
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OBJECTIVES 

In  order  to  increase  available  passenger  egress  time 

.  Test  methodology  should  relate  to  human  hazard 

.  Results  of  tests  should  show  material  improvement  with  respect  to  fire  hazard 
.  Results  of  tests  when  applied  to  material  selection  can  be  verified  as  used 
in  full  scale  tests 

.  Test  methodology  should  combine  evaluation  of  flammability,  smoke  and  gas 
products 

.  Test  specimen  should  represent  the  end  use  item 
.  Materials  rating  system  must  be  quantitative  and  reproducible 
.  Test  technique  should  be  reasonably  available  and  low  in  cost 
.  Test  method  must  be  available  by  October  1,  1979 


.  r  i. 
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f:v.  safety  e/al-aticn  r.  j.  sutto 

2 5 . X y x  Safety  Evaluation  of  Personnel 

Areas  Enclosure  5 

(a)  Interior  Fire  Hazard. 

Those  inhabited  and  pressurized  volumes 
related  to  personnel  safety  from  fire 
must  be  evaluated  under  the  provisions 
of  paragraphs  (b)  and  (c)  of  this  sec¬ 
tion. 

(b)  Fire  Sources. 

The  interior  must  be  shown  by  analysis, 
tests,  or  both,  that  consideration  has 
been  given  to  minimizing  fire  sources. 

In  addition  the  following  apply: 

(1)  The  evaluation  must  include-- 

(i)  The  typical  BTD  loading 
expected  in  service; 

(ii)  Identification  of  principal 
elements  that  have  been  fire 
sources ; 

(iii)  An  analysis  of  the  points 
identified  in  subdivision  (i)  and 
(ii)  of  this  subparagraph  and  the 
steps  taken  to  minimize  them. 

(c)  Material  Selection. 

It  must  be  shown  by  analysis,  tests,  or 
both,  that  fire  safe  state-of- 
the-art  material  have  been  selected 
for  various  locations  in  the  aircraft 
interior.  This  will  be  demonstrated 
by  responding  to  the  following: 

(1)  A  knowledge  of  commercially 
available  materials  will  be 

.  maintained. 

(2)  Materials  and  assemblies  will 
be  qualified  for  flammability  visi¬ 
bility  and  toxicity  by  tests 
approved  by  FAA. 

(3)  Material  procured  and  tested  to 
specifications  that  include  a  prac¬ 
tical  level  of  quality  control  fire 
testing  for  that  particular  material. 


THE  CONTRIBUTION  OF  CABIN  SUPPLIES 


AND 

PASSENGER  CARRY-ON  ITEMS 

TO  A 

POST-CRASH  FUEL  FED  FIRE 


SEPTEMBER,  1979 


FOREWORD 


This  report  summarizes  the  results  of  an  analysis  of  materials  contained 
within  typical  B-747  and  L-1011-1  aircraft  cabins.  Primary  emphasis  is 
placed  on  those  items  brought  on  board  the  aircraft  by  passengers  and  cat  in 
supplies  boarded  as  a  part  of  normal  airline  operation.  The  study  was 
conducted  July  1979  through  August  1979  as  an  assigned  task  of  the  SAFER 
Interior  Materials  Short  Term  Action  Sub-group. 
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1.0  INTRODUCTION 


This  report  is  issued  to  publish  the  results  of  a  study  of  materials 
contained  within  a  typical  aircraft  passenger  cabin  at  the  time  of  a 
post-crash  fuel-fed  fire  condition.  The  primary  objective  was  to 
determine  if  cabin  supplies  and  carry-on  items  are  significant  con¬ 
tributors  to  such  a  fire.  Although  this  report  primarily  deals  with 
wide-body  aircraft,  the  findings  are  relevant  to  narrow-body  equipment 
since  cabin  supplies  and  carry-on  items  are  directly  comparable.  The 
primary  difference  is  in  terms  of  fewer  square  feet  of  material  in  all 
categories  on  narrow-body  aircraft. 


2.0  SUMMARY 


Cabin  interior  furnishings  represent  the  largest  area  of  potential  fuel 
sources  in  a  post-crash-fuel-fed  fire  condition.  However,  these  items 
conform  to  the  rigid  fire  retardency  requirements  of  FAR  25.853.  The 
next  largest  fuel  source  is  passenger  clothing.  These  materials  are 
capable  of  supporting  combustion  and  could  be  contributors.  Passenger 
carry-on  items  and  cabin  supplies  represent  the  smallest  potential 
fuel  source.  Many  of  these  items  meet  the  fire  retardency  require¬ 
ments  of  FAR  25.853  or  are  protected  in  FAR  25.853  stowage  compartments. 
The  study  shows  these  materials  are  not  major  contributors,  however, 
some  items  were  identified  as  being  fuel  sources. 


3.0  BASIS  OF  STUDY 


3.1  All  data  is  based  on  a  Lockheed  L-1011-1  and  Boeing  B-747 
aircraft  configured  as  shown  in  Appendix  i. 

3.2  Two  hypothetical  crash  conditions  were  evaluated;  Condition  A  - 
Take-Off  Mode  and  Condition  B  -  Landing  Mode. 

3.3  All  burn  rates  for  materials  based  on  the  standards  published 
in  FAR  25.853.  See  Appendix  ii. 

3.4  Combustibility  of  cabin  supplies  and  carry-on  items  is  based 
on  area  (square  feet)  to  allow  direct  comparison  with  cabin 
interior  materials  conforming  to  FAR  25.853.  See  Appendix  ii. 

3.5  Cabin  interior  materials  area  (sq.ft.)  determined  from  evaluation 
of  typical  L-1011-1  and  B-747  aircraft.  See  Tables  III  and  IV. 

3.6  Cabin  supplies  area  (sq.  ft.)  determined  from  requirements 
for  typical  airline  loading  of  alcoholic  beverages  and  cabin 
supplies.  See  Tables  V  and  VI. 


- 
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3.0  BASIS  OF  STUDY  (continued) 


3.7  Carry-on  items  area  (sq.  ft.)  determined  from  typical  airline 
acceptance  standards  and  observation  study  of  typical  passengers 
boarding  aircraft.  See  Tables  VII,  VIII  and  Appendix  v. 

3.8  Data  on  passenger  clothing  is  confined  to  outer  garments  only. 
Quantity  and  types  of  outer  garments  is  derived  from  observation 
study  of  typical  passengers.  Flammability  characteristics  of 
outer  garments  is  derived  from  the  Code  of  Federal  Regulations, 
Title  16.  See  Tables  LX,  X,  and  Appendix  iv. 

3.9  Protection  of  non-FAR  25.853  materials  by  FAR  25.353  stowage 
compartments  is  considered  a  reasonable  technical  assumption. 
Many  non-FAR  25.853  materials  are  required  to  be  stowed  in 
FAR  25.853  compartments.  However,  allowances  are  made  for 
dislodgement  of  such  materials  under  Crash  Condition  B.  See 
Tables  V,  VI,  VII,  and  VIII. 

3.10  Exposure  of  materials  to  flame  is  considered  to  be  less  than 
2  minutes  based  on  FAR  121.291  which  requires  demonstrated 
evacuation  of  passengers  within  90  seconds.  See  Appendix 

iii. 


4.0  CRASH  CONDITION  A  -  L-1011-1 

4 . 1  Aircraft  Status 

•  Take-off  Flight  Mode 

•  Landing  Gear  Retracted 

•  Fuselage  Upright  and  Unbroken 

•  Exits  Open  and  Evacuation  Slides  Deployed 
■  Fuel  Fed  Fire  in  Progress 

•  Survivab.le  Crash  -  Mild  Impact 

•  Adequate  Time  for  Evacuation  of  Survivors 

4 . 2  Cabin  Supply  Status 

•  All  Supplies  Stowed  in  Designated  Compartment  i 

•  All  Stowage  Compartments  Intact 

•  See  Tables  I  and  V 

4. 3  Carry-On  Items  Status 

•  All  Carry-On  Items  in  Stowed  Position 

•  See  Tables  I  and  VII 

4 . 4  Passenger  Status 

•  Maximum  Payload  -  293  Passengers 

•  See  Tables  I  and  IX 

4 . 5  Total  Available  Material 

The  total  material  in  the  cabin  is  calculated  to  bf  ? 
feet.  The  total  is  distributed  as  follows: 

Total  Available 


Cabin  Interior 

18,589 

(61%) 

0 

Passenger  Clothing 

6,087 

(20%; 

6,08 

Carry-on  Items 

3,780 

(12%) 

9)6 

Cabin  Supplies 

2,216 

(  7%) 

U  / 

TOTAL 

30,672 

Sq.Ft. 

7,050 

See  Tables  I,  III,  V,  VII,  and  IX. 


5.0  CRASH  CONDITION  B  -  L -101 1-1 


5. 1  Aircraft  Status 

■  Landing  Flight  Mode 

•  Landing  Gear  Retracted,  Collapsed,  or  Sheared  Of; 

•  Fuselage  Upright  but  Broken  Forward  of  Wing  Leading  Edge 
Forward  of  Emergency  Exit,  Left  Side 

•  Exits  Open  and  Evacuation  Slides  Deployed 

■  Fuel  Fed  Fire  in  Progress  Left  Hand  Side 

•  102  of  Cabin  Subjected  to  Fire  through  Break  ;.v.  F.  la-re 

•  Survivable  Crash  -  Moderate  Impact 

•  Adequate  Time  for  Evacuation  of  Survivor.-. 

5 . 2  Cabin  Supply  Status 

•  25%  of  Stowed  Items  Dislocated  on  Impact 

•  See  Tables  I  and  V 

5 .  3  Carry-on  I r em  Status 

•  10%  of  Stowed  Items  Dislocated  on  Impact 

•  See  Tables  I  and  VII 

5 . 4  Passenger  Status 

•  Max  imum  Payload  -  243  Passernu  r.~ 

•  See  Tables  I  and  TX 


5 . 5  Total  Available  Materia1. 

The  total  material  in  the 
square  feet.  The  total  is 

Cabin  interior 
Passenger  Clothing 
Carry -.-.-rs  Iter..--. 

Cabin  Supplies 

TOTALS 


:ab  ir.  .  -  . ;  '.  a*  .-2  ' . 

d  i  ;  r  X:  ■ : ;  t  :  . .  v.  ; 

Total  Ay  a  i  1  ah  .  •  a  I  ;«• 

18,584  (  *  .  1  •; 

8,08%  (7  2 : '  '  ,  K'~  . 

3, 780  f  i: '7  i , ;  1."  . 

2,21b  (  7M  24.3  . 

30,  A 72  Sq  .  Ft  .  ,<*-*•*  .  -  •  < 


See  Tables  1,  II 


V ,  VII,  and  I X  . 


6.0  CRASH  CONDITION  A  -  B-747 


6 . 1  Aircraf t  Status 

•  Take-off  Flight  Mode 

•  Landing  Gear  Refracted 

•  Fuselage  Upright  and  Unbroken 

•  Exits  Open  and  Evacuation  Slides  Deployed 

•  Fuel  Fed  Fire  in  Progress 

•  Survivable  Crash  -  Mild  Impact 

•  Adequate  Time  for  Evacuation  of  Survivors 


Cabin  Supply  Status 

•  All  Supplies  Stowed  in  Designated  Compartments,  Bins,  or  Rack 

•  All  Stowage  Compartments  Intact 
■  See  Tables  II  and  v’l 


6 . 3  Carry-on  Item  Status 

•  All  Carry-on  Items  in  Stowed  Position 

•  See  Tables  II  and  VIII 


Passenger  Status 


'  Maximum  Payload  -  Passengers 
■  See  Tables  II  and  X 


6.5  T otal  Ava liable  Material 

The  total  material  in  the  cabin  is  calculated  to  be  49,277  squar 
feet.  The  total  is  distributed  as  follows: 


Total 

Cabin  Interior  26,857  (55%) 

Passenger  Clothing  8,980  (18%) 

Carry-on  Items  3,940  (  8%) 

Cabin  Supplies  9 , 500  (19%) 

TOTALS  49,277  Sq.Ft. 

See  Tables  II,  IV,  VI,  VIII,  and  X. 


Available  as  Fuel 
0 

8,980  (18%) 
2,588  (  5%) 
2,006  (  4%) 

13,574  Sq.Ft.  (2 


7.0  CRASH  CONDITION  B  -  B-747 


7 . 1  Aircraft  Status 

•  Landing  Flight  Mode 

•  Landing  Gear  Retracted,  Collapsed,  or  Sheared  Off 

•  Fuselage  Upright  but  Broken  Forward  of  Wing  Leading  Edge  - 
Forward  of  Emergency  Exit,  Left  Side 

•  Exits  Open  and  Evacuation  Slides  Deployed 

•  Fuel  Fed  Fire  in  Progress  Left  Hand  Side 

•  10%  of  Cabin  Subjected  to  Fire  through  Break  in  Fuselage 

•  Survivable  Crash  -  Moderate  Impact 

•  Adequate  Time  for  Evacuation  of  Survivors 

7 . 2  Cabin  Supply  Status 

•  25%  of  Stowed  Items  Dislocated  on  Impact 

•  See  Tables  II  and  VI 

7 . 3  Carry-on  Item  Status 

•  10%  of  Stowed  Items  Dislocated  on  Impact 

•  See  Tables  II  and  VIII 

7 . 4  Passenger  Status 

•  Maximum  Payload  -  Passengers 

•  See  Tables  II  and  X 

7.5  Total  Available  Material 


The  total  material  in  the  cabin  is  calculated 
feet.  The  total  is  distributed  as  follows: 

to  be 

49,277  square 

Total 

Available  as  Fuel 

Cabin  Interior 

26,857  (55%) 

0 

Passenger  Clothing 

8,980  (18%) 

8,980 

(18%) 

Carry-on  Items 

3,940  (  8%) 

2,583 

(  5%) 

Cabin  Supplies 

9,500  (19%) 

3,233 

(  7%) 

TOTAL 

49,277  Sq.Ft. 

14,801 

Sq.Ft.  (30%) 

See  Tables  II,  IV, 

VI, 

VIII,  and  X. 

8.0  CONCLUSIONS  -  L-1011-1 


8.1  The  total  amount  of  material  of  all  types  existing  in  the  cabin 
is  calculated  to  be  30,672  square  feet.  Of  this  total,  materials 
of  all  types  capable  of  supporting  combustion  as  defined  in 

FAR  25.853  amount  to  7,050  square  feet  (23.2%)  in  Crash  Condition 
A  and  7,444  square  feet  (24.4%)  in  Crash  Condition  B.  See  Table  1 

8.2  In  both  Crash  Conditions  A  and  B,  the  most  significant  category 
of  combustible  materials  is  passenger  clothing.  A  total  of  6,087 
square  feet  (20%)  is  available.  See  Table  I. 

8.3  Carry  -on  items  capable  of  supporting  combustion  amount  to  916 
square  feet  (3%)  in  Crash  Condition  A  and  1,'112  square  feet 
(3.6%)  in  Crash  Condition  B.  Major  contributors  in  both 
conditions  are  plastic  or  paper  shopping  (tote)  bags  and 
ladies  handbags.  See  Tables  I  and  VII. 

8.4  Cabin  supplies  capable  of  supporting  combustion  amount  to  47 
square  feet  (0.2%)  in  Crash  Condition  A  and  245  square  feet 
(0.8%)  in  Crash  Condition  B.  Based  on  these  figures,  cabin 
supplies  are  not  considered  major  contributors .  See  Table  I. 

8.5  Stowage  of  non-FAR  25.853  carry-on  items  and  cabin  supplies  in 
FAR  25.853  compartments  reduces  the  amount  of  combustible 
material  available  in  these  categories  from  3,718  square  feet 
to  963  square  feet  (74%  reduction)  in  Crash . Condition  A.  In 
Crash  Condition  B,  394  square  feet  of  stowed  material  is 
dislodged,  and  the  reduction  is  from  3,718  square  feet  to 
1,357  square  feet  (64%).  These  findings  confirm  the 
contribution  of  present  FAR  25.853  stowage  to  post-crash 
safety.  See  Table  I. 


9.0  CONCLUSIONS  -  B-747 


9.1  The  total  amount  of  material  of  all  types  existing  in  the  cabin 
Is  calculated  to  be  49,277  square  feet.  Of  this  total,  materials 
of  all  types  capable  of  supporting  combustion  as  defined  in  FAR 
25.853  amount  to  13,574  square  feet  (27%)  in  Crash  Condition  A 
and  14,801  square  feet  (30%)  in  Ctash  Condition  B. 

9.2  In  both  Crash  Conditions  A  and  B,  the  most  significant  category 
of  combustible  materials  is  passenger  clothing.  A  total  of 
8,980  square  feet  (18%)  is  available.  See  Table  II. 

9.3  Carry-on  items  capable  of  supporting  combustion  amount  to  2,588 
square  feet  (5%)  in  both  Crash  Condition  A  and  Crash  Condition  B. 

See  Tables  II  and  VIII. 

5.4  Cabin  supplies  capable  of  supporting  combustion  amount  to  2,006 
square  feet  (4%)  in  Crash  Condition  A  and  3,233  square  feet  (7%) 
in  Crash  Condition  B.  Pillows  and  blankets  made  of  Non-FAR  25.853 
materials  comprise  the  majority  of  this  category.  See  Tables  II 
and  VI. 

9.5  The  amount  of  carry-on  items  and  cabin  supply  materials  available 
as  fuel  could  be  significantly  reduced  if  more  FAR  25.853  stowage 
provisions  were  available.  This  is  especially  true  with  regard 

to  overhead  stowage  compartments.  On  the  B-747  these  compartments 
are  constructed  of  FAR  25.853  materials  which  provides  a  degree 
of  protection,  however,  they  are  not  complete  closures  in  that 
mesh  type  netting  Is  used  in  lieu  of  solid  panels  in  many  appli¬ 
cations.  For  the  purpose  of  this  study,  these  compartments  were 
not  considered  protected  areas. 


10.0  RECOMMENDATIONS 


10 . 1  Short  Terr1- 

The  FAA  should  issue  an  advisory  circular  to  Air  Carrier 
Operators  indicating  the  degree  that  passenger  service  and 
carry-on  items,  which  are  currently  not  included  in  FAR 
25.853,  contribute  to  fire  fuel.  This  advisory  circular 
should  encourage  Operators  to: 

•  Review  and  establish  procedures  which  would  minimice 
the  quantity  of  air  carrier  supplied  items  in  this 
category  which  are  available  to  passengers  during 
take-off  and  landing. 

•  Establish  flight  attendant  training  programs  and  pro¬ 
cedures  to  promote  awareness  and  identification  of 
flammable  tote  type  carry-on  items  so  that  when  possible, 
these  items  could  receive  preferential  priority  of  storage 
in  FAR  25.853  protected  compartments. 


10.2  Long  Term 

The  FAA  should  investigate  the  feasibility  of  rule  making 
to : 


•  Require  that  coatrooms  and  stowage  compartments  intended 
for  passenger  carry-on  items  be  enclosed  with  FAR  25.853 
panels  or  solid  doors  to  improve  fire  protection. 

•  Require  that  pillows  and  blankets  meet  FAR  25.853. 


TABLE  I  -  RECAP  OF  ALL  MATERIALS  AVAILABLE  AS  POTENTIAL  FUEL  -  L-1011- 
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(68%)  (32%)  (23.2%)  (24.4%) 


T ABU’  i:  -  RECAP  OF  ALL  MATERIALS  AVAILABLE  AS  POTENTIAL  FUEL  -  B-747 


TABLE  III  -  L- 1011-1  CABIN  INTERIOR  ANALYSIS 


Based  on  review  of  all  materials  as  certificated. 


TABLE  IV  -  B-  747  CABIN  INTERIOR  ANALYSIS 


(2)  Based  on  review  of  all  materials  as  certificated. 


SUPPLY  ANALYSIS 
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Supplies.  See  Appendix  v  and  vi. 
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prffpriate  warning  markings  on  the  cabin  tamable  within  the  operating  limitations  of 

pressure  differential  indicator  meet  the  the  airplane,  up  to  the  maximum  altitude 

warning  requirement  for  pressure  differentia!  for  which  certification  is  requested. 


limits  and  an  aural  or  visual  signal  'in  addi¬ 
tion  to  cabin  altitude  indicating  means) 
meets  the  warning  requirement  for  cabin 
pressure  altitude  limits  if  it  warns  the 
flight  crew  when  the  cabin  pressure  alti¬ 
tude  exceeds  10,000  feet 

(7)  A  warning  placard  at  the  pilot  or 
flight  engineer  station  if  the  structure  is  not 
designed  for  pressure  differentials  up  to  the 
maximum  relief  valve  setting  in  combination 
with  landing  loads. 

(8)  The  pressure  sensors  necessary  to 
meet  the  requirements  of  paragraphs  (b)  (5) 
and(b) (6)  of  this  section  and  §  25.1447(c), 
must  be  located  and  the  sensing  system  de¬ 
signed  so  that,  in  the  event  of  loss  of  cabin 
pressure  in  any  passenger  or  crew  compart¬ 
ment  (including  upper  and  lower  lobe 
galleys),  the  warning  and  automatic  presen¬ 
tation  devices,  required  by  those  provisions, 
will  be  actuated  without  any  delay  that 
would  significantly  increase  the  hazards  re¬ 
sulting  from  decompression. 

I  25.843  Tests  for  pressurized  cabins. 

(a)  Strength,  test.  The  complete  pressurized 
cabin,  including  doors,  windows,  and  valves, 
must  be  tested  as  a  pressure  vessel  for  the 
pressure  differential  specified  in  §  25.365(d). 

(b)  Functional  tests.  The  following  func¬ 
tional  tests  must  be  performed  : 

(1)  Tests  of  the  functioning  and  capacity 
of  the  positive  and  negative  pressure  differ¬ 
ential  valves,  and  of  the  emergency  release 
valve,  to  simulate  the  effects  of  closed  regu¬ 
lator  valves. 

(2)  Tests  of  the  pressurization  system  to 
•how  proper  functioning  under  each  possible 
condition  of  pressure,  temperature,  and  mois¬ 
ture,  up  to  the  maximum  altitude  for  which 
certification  is  requested. 

(8)  Flight  tests,  to  show  the  performance 
of  the  pressure  supply,  pressure  and  flow 
regulators,  indicators,  and  warning  signals, 
in  steady  and  stepped  climbs  and  descents 
at  rates  corresponding  to  the  maximum  at- 


(4)  Tests  of  each  door  and  emergency 
exit,  to  show  that  they  operate  properly 
after  being  subjected  to  the  flight  tests  pre¬ 
scribed  in  subparagraph  (3)  of  this  para¬ 
graph. 

FIRE  PROTECTION 
I  25.851  Fire  extinguishers. 

(a)  Band  fire  extinguishers.  For  hand  fire 
extinguishers  the  following  apply  • 

(1)  Each  hand  fire  extinguisher  must  be 
approved. 

(2)  The  types  and  quantities  of  each  ex¬ 
tinguishing  agent  used  must  be  appropriate 
to  the  kinds  of  fires  likely  to  occur  where 
used. 

(3)  Each  extinguisher  for  use  in  a  per¬ 
sonnel  eompartmet  must  be  designed  to  mini¬ 
mize  the  hazard  of  toxic  gas  concentrations. 

(4)  A  readily  accessible  hand  fire  extin¬ 
guisher  must  be  available  for  use  in  each 
Class  A  or  Class  B  cargo  compartment. 

(b)  Built-in  fire  extinguishers.  If  a  built-in 
fire  extinguisher  system  is  required — 

(1)  The  capacity  of  each  system,  in  rela¬ 
tion  to  the  volume  of  the  compartment  where 
used  and  the  ventilation  rate,  must  be  ade¬ 
quate  for  any  fire  likely  to  occur  in  that 
compartment;  and 

(2)  Each  system  must  be  installed  so 
that — 

(i)  No  extinguishing  agent  likely  to 
enter  personnel  compartments  will  be 
hazardous  to  the  occupants;  and 

(ii)  No  discharge  of  the  extinguisher 
can  cause  structural  damage- 

f  25.853  Comportment  interiors. 

Materials  (including  finishes  or  decorative 
surfaces  applied  to  the  materials)  used  in  each 
compartment  occupied  by  the  crew  or  pas¬ 
sengers  must  meet  the  following  test  criteria 
as  applicable  : 

(a)  Interior  ceiling  panels,  interior  wall 
panels,  partitions,  galley  structure,  huge 
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cabinet  wells,  structural  flooring,  and  materials 
used  in  the  construction  of  stowage  compart- 
Hunts  (other  than  underseat  stowage  compart¬ 
ments  end  compartments  for  stowing  small 
items  such  as  magazines  and  maps)  must  be 
•etf-extinguishing  when  tested  vertically  in 
eeeord&nce  with  the  applicable  portions  of 
Appendix  F  of  this  Part,  or  other  approved 
equivalent  methods.  The  average  bum  length 
may  not  exceed  six  inches  and  the  average 
flame  time  after  removal  of  the  flame  source 
may  not  exceed  15  seconds.  Drippings  from 
the  test  specimen  many  not  continue  to  flame 
for  more  than  an  average  of  three  seconds 
after  falling. 

(b)  Floor  covering,  textiles  (including 
draperies  and  upholstery),  seat  cushions, 
padding,  decorative  and  non-decorative  coated 
furies,  leather,  trays  and  galley  furnishings, 


electrical  conduit,  thermal  and  acoustical  in¬ 
sulation  and  insulation  covering,  air  ducting, 
joint  and  edge  covering,  cargo  compartment 
liners,  insulation  blankets,  cargo  covers,  and 
transparencies,  molded  and  thermoformed 
parts,  air  ducting  joints,  and  trim  strips 
(decorative  and  chafing),  that  are  constructed 
of  materials  not  covered  in  paragraph  (b-2) 
of  this  section,  must  be  self  extinguishing 
when  tested  vertically  in  accordance  with  the 
applicable  portions  of  Appendix  F  of  this 
Part,  or  other  approved  equivalent  methods. 
The  average  burn  length  may  not  exceed  8 
inches  and  the  average  flame  time  after  re¬ 
moval  of  the  flame  source  may  not  exceed  a  5 
seconds.  Drippings  from  the  test  specimen 
may  not  continue  to  flame  for  more  than  an 
average  of  5  seconds  after  falling. 
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(i)  Conditioning.  Specimens  must  be 
conditioned  to  70s  F.,  plus  or  minus  5°  and 
at  50  percent  plus  or  minus  5  percent  relative 
humidity  nntil  moisture  equilibrium  is  reached 
or  for  24  hours.  Only  one  specimen  at  a  time 
may  be  removed  from  the  conditioning  en¬ 
vironment  immediately  before  subjecting  it  to 
the  flame 

(b)  Specimen  configuration.  Except  as 
provided  for  materials  used  in  electrical  wire 
and  cable  insulation  and  in  small  parts,  ma¬ 
terials  must  be  tested  either  as  a  section  cut 
from  a  fabricated  part  as  installed  in  the  air¬ 
plane  or  as  a  specimen  simulating  a  cut  section, 
inch  as:  a  specimen  cut  from  a  flat  sheet  of 
the  material  or  a  model  of  the  fabricated  part. 
The  specimen  may  be  cut  from  any  location 
in  a  fabricated  part:  however,  fabricated 
units,  such  as  sandwich  panels,  may  not  be 
separated  for  test.  The  specimen  thickness 
m  must  be  no  thicker  than  the  minimum  thick¬ 
ness  to  be  qualified  for  use  in  the  airplane, 
except  that:  (1)  thick  foam  parts,  such  as 
aeat  cushions,  must  be  tested  in  *4 -inch  thick¬ 
ness;  (2)  when  showing  compliance  with 
|25.833(b~3)  for  materials  used  in  small  parts 
that  must  be  tested,  the  materials  must  be 
tested  in  no  more  than  >£-inch  thickness;  (3) 
when  showing  compliance  with  §  25.1359(d) 
for  materials  used  in  electrical  wire  and  cable 
insulation,  the  wire  and  cable  specimens  must 
be  the  same  size  as  used  in  the  airplane.  In 
the  case  of  fabrics,  both  the  warp  and  fill 
direction  of  the  weave  must  be  tested  to  de¬ 
termine  the  most  critical  flammability  condi¬ 
tion:  When  performing  the  tests  prescribed 
in  paragraphs  (d)  through  (e)  of  this  Ap¬ 
pendix,  the  specimen  must  be  mounted  in  a 
metal  frame  so  that;  (1)  in  the  vertical  tests 
of  paragraph  (d),  the  two  long  edges  and  the 


upper  edge  are  held  securely;  (2)  in  the  hori¬ 
zontal  test  of  paragraph  (e),  the  two  long 
edges  and  the  edge  away  from  the  flame  are 
held  securely;  (3)  the  exposed  area  of  the 
specimen  is  at  least  2  inches  wide  and  12 
inches  long,  unless  the  actual  size  used  in  the 
airplane  is  smaller;  and  (4)  the  edge  to  which 
the  burner  flame  is  applied  must  not  consist 
of  the  finished  or  protected  edge  of  the  speci¬ 
men  but  must  be  representative  of  the  actual 
cross-section  of  the  material  or  part  installed 
in  the  airplane.  When  performing  the  test 
prescribed  in  paragraph  (f)  of  this  Appendix, 
the  specimen  must  be  mounted  in  a  metal 
frame  so  that  all  four  edges  are  held  securely 
and  the  exposed  area  of  the  specimen  is  at 
least  8  inches  by  8  inches. 

(c)  Apparatus'  Except  as  provided  in¬ 
paragraph  (h)  of  this  Appendix,  tests  must 
be  conducted  in  a  draft-free  cabinet  in  ac¬ 
cordance  with  Federal  Test  Method  Standard 
191  Method  5903  (revised  Method  5902)  for 
the  vertical  test,  or  Method  5906  for  horizontal 
test  (available  from  the  General  Services 
Administration,  Business  Service  Center, 
Region  3,  Seventh  &  D  Streets,  S.W.,  Wash¬ 
ington,  D.C.,  20407)  or  other  approved  equiv¬ 
alent  methods.  Specimens  which  are  too 
large  for  the  cabinet  must  be  tested  in  similar 
draft-free  conditions. 

(d)  Vertical  test ,  in  compliance  with 
§  25353(a)  and  (b).  A  minimum  of  three 
specimens  must  be  tested  and  the  results  aver¬ 
aged.  For  fabrics,  the  direction  of  weave 
corresponding  to  the  most  critical  flammabil¬ 
ity  conditions  must  be  parallel  to  the  longest 
dimension.  Each  specimen  must  be  supported 
vertically.  The  specimen  must  be  exposed  to 
a  Bunsen  or  Tirrill  burner  with  a  nominal 
%-inch  I.D.  tube  adjusted  to  give  a  flame  of 
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1V4  inches  in  height.  The  minimum  flame 
temperature  measured  by  a  calibrated  thermo¬ 
couple  pyrometer  in  the  center  of  the  flame 
most  be  1550°  F.  The  lower  edge  of  the 
specimen  must  be  three- fourths  inch  above  the 
top  edge  of  the  burner.  The  flame  must  be 
Applied  to  the  center  line  of  the  lower  edge 
of  the  specimen.  For  materials  covered  by 
{85.853(a),  the  flame  must  be  applied  for  60 
seconds  and  then  removed.  For  materials  cov¬ 
ered  by  § 25.853(b),  the  flame  must  be  applied 
for  12  seconds  and  then  removed.  Flame  time, 
burn  length,  and  flaming  time  of  drippings, 
if  any,  must  be  recorded.  The  bum  length 
determined  in  accordance  with  paragraph  (g) 
of  this  Appendix  must  be  measured  to  the 
nearest  one-tenth  inch. 

(e)  Horizontal  test  in  compliance  with 
%25£53(b-£)  and  ( b-3 ).  A  minimum  of 
three  specimens  must  be  tested  and  the  results 
averaged.  Each  specimen  must  be  supported 
horizontally.  The  exposed  surface  when  in¬ 
stalled  in  the  aircraft  must  be  face  down  for 
the  test.  The  specimen  must  be  exposed  to  a 
Bunsen  burner  or  Tirrill  burner  with  a  nomi¬ 
nal  three-eighths  inch  I.D.  tube  adjusted  to 
give  a  flame  of  1\'2  inches  in  height.  The 
minimum  flame  temperature  measured  by  a 
calibrated  thermocouple  pyrometer  in  the  cen¬ 
ter  of  the  flame  must  be  1550°  F.  The  speci¬ 
men  must  be  positioned  so  that  the  edge  being 
tested  is  three-fourths  of  an  inch  above  the 
top  of,  and  on  the  center  line  of,  the  burner. 
The  flame  must  be  applied  for  15  seconds  and 
then  removed.  A  minimum  of  10  inches  of 
the  specimen  must  be  used  for  timing  pur¬ 
poses,  approximately  l\/2  inches  must  burn  be¬ 
fore  the  burning  front  reaches  the  timing  zone, 
and  the  average  burn  rate  must  be  recorded. 

(f)  Forty-five  degree  test,  in  compliance 
with  §  £5£55(a-l ).  A  minimum  of  three 
specimens  must  be  tested  and  the  results  aver¬ 
aged.  The  specimens  must  be  supported  at 
an  angle  of  45°  to  a  horizontal  surface.  The 
exposed  surface  when  installed  in  the  aircraft 
must  be  face  down  for  the  test.  The  speci¬ 
mens  must  be  exposed  to  a  Bunsen  or  Tirrill 
burner  with  a  nominal  three-eighths  inch  I.D. 


tube  adjusted  to  give  a  flame  of  l\/2  inches  in 
height.  The  minimum  flame  temperature 
measured  by  a  calibrated  thermocouple  f 
rometer  in  the  center  of  the  flanrie  must 
1550°  F.  Suitable  precautions  must  be  taken 
to  avoid  drafts.  One-third  of  the  flame  must 
contact  the  material  at  the  center  of  the  speci¬ 
men  and  must  be  applied  for  30  seconds  and 
then  removed.  Flame  time,  glow  time,  and 
whether  the  flame  penetrates  (passes  through) 
the  specimen  must  be  recorded. 

(g)  Sixty  degree  test  in  compliance  with 
%25.1359(d),  A  minimum  of  three  specimens 
of  each  wire  specification  (make  and  size) 
must  be  tested.  The  specimen  of  wire  or  cable 
(including  insulation)  must  be  placed  at  an 
angle  of  60°  with  the  horizontal  in  the  cabinet 
specified  in  paragraph  (c)  of  this  Appendix 
with  the  cabinet  door  open  during  the  test  or 
must  be  placed  within  a  chamber  approxi¬ 
mately  2  feet  high  x  1  footxl  foot,  open  at 
the  top  and  at  one  vertical  side  (front),  and 
which  allows  sufficient  flow  of  air  for  complete 
combustion,  but  which  is  free  from  drafts. 
The  specimen  must  be  parallel  to  and  approxi¬ 
mately  6  inches  from  the  front  of  the  chamber. 
The  lower  end  of  the  specimen  must  be  held 
rigidly  clamped.  The  upper  end  of  the  speci¬ 
men  must  pass  over  a  pulley  or  rod  and  must 
have  an  appropriate  weight  attached  to  it  so 
that  the  specimen  is  held  tautly  throughout 
the  flammability  test.  The  test  specimen  span 
between  lower  clamp  and  upper  pulley  or  rod 
must  be  24  inches  and  must  be  marked  8  inches 
from  the  lower  end  to  indicate  the  central 
point  for  flame  application.  A  flame  from  a 
Bunsen  or  Tirrill  burner  must  be  applied  for 
30  seconds  at  the  test  mark.  The  burner  must 
be  mounted  underneath  the  test  mark  on  the 
specimen,  perpendicular  to  the  snecimen  ar  ' 
at  an  angle  of  30°  to  the  vertical  planr  of  th 
specimen.  The  burner  must  have  a  nominal 
bore  of  3g  inch,  and  must  be  adjusted  to  pro¬ 
vide  a  3-inch  high  flame  with  an  inner  cone 
approximately  one-third  of  the  flame  height. 
The  minimum  temperature  of  the  hottest  por¬ 
tion  of  the  flame,  as  measured  with  a  call 
brated  thermocouple  pyrometer,  may  not  be 
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lea  then  1750®  F.  The  burner  must  be  posi-  (h)  Bum  length.  Burn  length  is  the  dis- 
tkmed  so  that  the  hottest  portion  of  the  flame  tance  from  the  original  edge  to  the  farthest 

is  Applied  to  the  test  mark  on  the  wire.  Flame  evidence  of  damage  to  the  test  specimen  due 

tune,  burn  length,  and  flaming  time  of  drip-  to  flame  impingement,  including  areas  of  par- 

pings,  if  any,  must  be  recorded.  The  bum  tial  or  complete  consumption,  charring,  or 

length  determined  in  accordance  with  para-  embrittlement,  but  not  including  areas  sooted, 

graph  (g)  of  this  Appendix  must  be  measured  stained,  warped,  or  discolored,  nor  areas  where 

to  tile  nearest  yi0-inch.  Breaking  of  the  wire  material  has  shrunk  or  melted  away  from  the 

epocimems  is  not  considered  a  failure.  heat  source. 


s 
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“seat  belt”  sign,  “no  smoking"  sign,  or  any 
required  exit  sign,  unless  an  auxiliary  sign 
or  other  approved  means  for  proper  notifica¬ 
tion  of  the  passenger  is  provided. 

(c)  All  cargo  may  he  carried  forward  of 
ttye  foremost  seated  passengers  and  carry-on 
baggage  may  he  carried  alongside  the  fore¬ 
most  seated  passengers,  if  the  cargo  (including 
carry-on  baggage)  is  carried  either  in  approved 
bins  as  specified  in  paragraph  (b)  of  this  sec¬ 
tion,  or  in  accordance  v. ith  the  following: 

(1)  It  is  properly  secured  by  a  safety  belt 
or  other  tie  down  having  enough  strength  to 
eliminate  the  possibility  of  shifting  under  all 
normally  anticipated  flight  and  ground  con¬ 
ditions. 

(2)  It  is  packaged  or  covered  in  a  manner 
to  avoid  possible  injury  to  passengers. 

(3)  It  does  not  impose  any  load  on  seats 
or  the  floor  structure  that  exceeds  the  load 
limitation  for  those  components. 

(4)  Its  location  does  not  restrict  access  to 
or  use  of  any  required  emergency  or  regular 
exit,  or  of  the  aisle  in  the  passenger  compart¬ 
ment. 

(5)  Its  location  does  not  obscure  any  pas¬ 
senger’s  view  of  the  “ seat  belt”  sign,  " no- 
smoking ’’  sign,  or  required  exit  sign,  unless 
an  auxiliary  sign  or  other  approved  means 
for  proper  notification  of  the  passenger  is 
provided. 

I  121.287  Carriage  of  cargo  in  cargo  compart¬ 
ments. 

When  cargo  is  carried  in  cargo  compart¬ 
ments  that  are  designed  to  require  the  physical 
entry  of  a  crewmember  to  extinguish  any  fire 
that  may  occur  during  flight,  the  cargo  must 
be  loaded  so  as  to  allow  a  crewmember  to  effec¬ 
tively  reach  all  parts  of  the  compartment  with 
the  contents  of  a  hand  fire  extinguisher. 

I  1221.288  [Rescinded] 

I  121.289  Landing  g«er:  aural  warning  device. 

(e)  Each  large  airplane  must  have  a  land¬ 
ing  gear  aural  warning  device  that  functions 
continuously  under  the  following  conditions: 

(1)  For  airplanes  with  an  established  ap¬ 
proach  wing-flap  position,  whenever  the  wing 
flaps  are  extended  beyond  the  maximum  cer¬ 


tificated  approach  climb  configuration  posi¬ 
tion  in  the  Airplane  Flight  Manual  ami  the 
landing  gear  is  not  fully  extended  and  locked. 

(2)  For  airplanes  without  an  established 
approach  chmb  wing-flap  position,  whenever 
the  wing  flaps  are  extended  beyond  the  posi¬ 
tion  at  which  landing  gear  extension  is  nor¬ 
mally  performed  and  the  landing  gear  is  not 
fully  extended  and  locked. 

(b)  The  warning  system  required  by  para¬ 
graph  (a)  of  this  section — 

(1)  May  not  have  a  manual  shutoff, 

(2)  Must  be  in  addition  to  the  throttle- 
actuated  device  installed  under  the  type  cer¬ 
tification  airworthiness  requirements;  and 

(3)  May  utilize  any  part  of  the  throttle- 
actuated  system  including  the  aural  warn¬ 
ing  device. 

(c)  The  flap  position  sensing  unit  may  be  in¬ 
stalled  at  any  suitable  place  in  the  airplane. 

(d)  [Deleted] 


§  121. 29!  Dr monstrotion  of  emergency  e»oc- 
oction  procedures. _ 

_(5LE£ L  airplanes  that  were  net  shown  to 
be  in  compliance  with  S  ■-,~i.h03(c  1  ;")  (i  of 
thi«  chapter  in  c  t  rect__o  n  Decern  be  r  1.  1 978, 
during  type  rer'iheution.  each  certificate 

holder  muct  show,  by  nrtnnl  .lemonrtrn'.ion _ 

conducted  in  accordance  uitii  pan  graph  ia) 
"o?  Appendix  D  to  thi-  Fart,  t i .at  the  emer¬ 
gency  evaci lation  procedures  for  each  tvne  and 
model  of  airpinr  1  -a  ith  n  -rating  cnpac’t-  of 
"Trio re  than  11  passengers,  that  is  used  in  its 
passenger-car rying  opeTations.  allow  the  evac-' 
nation  of  the  full  .eating  capacity,  including 
crewmembers,  in  DO  seconds  or  less,  in  eac:i  of  . 
the  following  ri’i  in, .stance- : 

1 1  A  demonstration  must  be  conducted 
upon  the  initial  introfl  i  lion  of  a  type  and 
model  of  airplane  in; e__  nasscngei  -carrying 
operations  Ho"'t  ei.  n  e  demonstrn.  on 
need  not  be  repented  nw  any  airplane  type 
or  model  that  has  the  same  number  ,nd  type 
o{  exits,  the,  same  cabin  contignrat ion,  and 
the  same  emergence  eouipnienf.  as  any  other 
airplane  used  by  the  certificate  holder  in 
success ful lv  demonst r:\tinrr  emergency  evac- 
ustion  in  -omnliance  with  this  paragraph. 


a.  It  (Am*.  IZI-Mf.  fir.  17/1/7*1 

(Ciwmrfi 
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(2)  A  demonstration  mm  lx-  conducted  ~ 

(i)  Upon  incrp.-i-in;:  bv  more  than _ 5_ 

percent  the  passenger  -eating  eapucitv  for 
which  successful  demonstration  has  been 


oonducfec 


^ii)  Upon  a  major  change  in  the  pas¬ 
senger  cabin  interior  configuration  tiia'. 


ge.ricv  evacuation  m 


(b)  Each  certificate  holder  operating  or 
proposing  to  operate  one  or  more  landplanes 
in  extended  overv.  ater  operations,  or  oil's;  wise 
required  to  have  certain  equipment  .iriTer 
THE33  2,  must  'how.  by  a  simulated  ditching 
conducted  in  accordance  with  paragraph  -W) 
ot  Appendix  V  to  this  Part,  that  it  ha«  the 
ihlfity  to  efficiently  carry  out.  its  ditching  pro¬ 
cedures. 

f (Cj  _F or  airplanes  that  were  shown  to  be  in 
compliance  with  $  25. ;03 (c)  (7)  (i)  of  this 
chapter  in  effect  on  December.  1.  l-VS.  dicing 
.type  certification,  the  operator  must  show  that 
its  emergency  evacuation  procedure;-  au  the 
training  pro-- idrd  it-  crewrneini'eis  i :  > ;  re 
sped  to  those  procedures  v.  ill  provide  “ .-men; 
genev  evacuation  results  equivalent  t*  t hose 
obtained  under  ti  25.80A  c )  of  ti.i-  chapter 
during  airplane  type  certification/] 


Subpart  K — Instrument  and  Equipment 
Requirements 

1121.301  Applicability. 

This  subpart  prescribes  instrument  and  equip¬ 
ment  requirements  for  all  certificate  holders. 

I  121.303  Airplane  instruments  and  equip¬ 
ment. 

(»)  Unless  otherwise  specified,  the  instru¬ 
ment.  and  equipment  requirements  or  this  sob 
part  apply  to  ali  eperat  ons  under  ti-is  Part. 

(t>)  Instru  ments  aid  equip  .lent  required  by 
§§..21.305  through  12:  -'59  must  be  approved 
and  installed  in  accordance  with  the  aim-orihi 
ness  requirements  applicable  to  them. 

(c)  Each  airspeed  indicator  n  ,;st  lx  cali¬ 
brated  in  knots,  and  each  airspeed  limitation 
and  item  of  related  information  in  the  Air¬ 
plane  Flight  Manual  and  pertinent  placards 
must  be  expressed  m  knots. 

Cll.  Jl  1J1-M?,  *«. 
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Id,*  Except  as  provided  in  §  121.627  (b)  and 
(c),  no  person  may  take  oil  any  airplane  unless 
the  following  instruments  and  equipment  are 
in  operable  condition: 

(1)  Instruments  and  equipment  required 
to  comply  wit).,  airworthiness  requirements 
under  which  the  airplane  is  tyjve  certificated 
and  as  requizvu  by  §§  121.213  through 

•  121.283  and  121.289. 

(2)  Instruments  and  equipment  specified 
in  §§  121.305  through  121.321  and  121.359 
for  ali  operations,  and  die  instruments  and 
equipment  specified  in  §g.  121.323  through 
121.351  for  the  kna  of  operation  indicated, 
wherever  these  'terns  are  not  already  re¬ 
quired  by  subpara  graph  (1)  of  this  para¬ 
graph. 

[?A  After  September  1,  1976,  t.he  instru¬ 
ment.-  and  equipment  required  by  §  121.360, 
unless  required  e.t  ci.-cr — 

(i)  In  a  plan  i-cued  to  the  certificate 
holder  by  trie  Adr>  nistrafor  to  obtain  in¬ 
form. g  ion  on  ten  reliability;  or 

i i *  In  the  certificate  holder's  opera- 
t •I'-rs  <?  >ccincat:or>;-'. 

5  121  .35'  flight  ant?  ••'avigcfionol  equipment. 

N-  person  may  o.  »*;-a;e  an  airplane  unless  it 
:s  equipped  writ  tl.e  toilowing  flight  and  navi- 
gatonal  instrument'-  -rd  equipment : 

(a)  An  airspeed  indicating  system  with 
heated  pitot  tn’-t  or  equivalent  means  for  pre¬ 
venting  mui  fun.'f iord/ig  due  to  icing. 

(fc)  sensitive  altimeter. 

‘,C;  A.  sweep -second  hand  clock  (oi  approved 
equ:  valei: 

id;  A  free-  iir  temperature  indicator. 

(e  /  A  gyro-scop. c  bank  and  pitch  indicator 
(artificial  horizon'. 

(f  i  ’>  jryro.ect.px  ’ate-of-turn  indicator 
combined  vith  an  ••  te-jrai  slip-skid  indicator 
;!un-  anti  •.  oil.  ivk'.mr,  except  that  only  a 
slip-skid  fiu-c.ii  ,s  m.;i; -reu  when  a  third 
n f ;  > .  ir.'"  in.--/ r  -  ft.-  •sieiii  usaHp.  through 
flight  an  Aide.  t>5“  of  pitch  ami  toi'  s  in¬ 
stalled  in  aco-  in. vc  wis.lv  paragraph  (j)  of 
this  xt-e;  s ir-.. 

<g)  A  gvto-.copi"  direction  indicator  (direc¬ 
tional  cyro  or  oo  .c  ah;.-.t! 

(hi  A  magnetic  cc.ipuss. 

!i:  ■'  vertical  speed  indicator  (rate-of-clirv 
indicator). 
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Criteria  For  Demonstration  of  Emergency  Evacuation 
Procedures  Under  §  121.291 


(»)  Aborted  takeoff  demonstration. 

(1)  The  demonstration  must  be  con¬ 
ducted  either  during  the  dark  of  the  night  or 
during  daylight  with  the  dark  of  the  night 
eimulated.  If  the  demonstration  is  con- 
.  ducted  indoors  during  daylight  hours,  it 
must  be  conducted  with  each  window  covered 
S**  and  each  door  closed  to  minimize  the  day¬ 
light  effect.  Illumination  on  the  floor  or 
ground  may  be  used,  but  it  must  be  kept  low 
and  shielded  against  shining  into  the  air¬ 
plane’s  windows  or  doors. 

"  (2)  The  airplane  must  be  in  a  normal 

ground  attitude  with  landing  gear  extended. 

(8)  Stands  or  ramps  may  be  used  for  de¬ 
scent  from  the  wing  to  the  ground.  Safety 
equipment  such  as  mats  or  inverted  life  rafts 
may  be  placed  on  the  ground  to  protect  par¬ 
ticipants.  No  other  equipment  that  is  not 
part  of  the  airplane's  emergency  evacuation 
may  be  used  to  aid  the  participants  in  reach- 
*  ing  the  ground. 

■•v'  (4)  The  airplane’s  normal  electrical  power 

sources  must  be  deenergized. 

(5)  All  emergency  equipment  for  the 
y  type  of  passenger-carrying  operation  in- 

Tolved  must  be  installed  in  accordance  with 
the  certificate  holder’s  manual. 

(6)  Each  external  door  and  exit,  and 
S'  «*ch  internal  door  or  curtain  must  be  in  posi¬ 
tion  to  simulate  a  normal  takeoff. 

(7)  A  representative  passenger  load  of 
persons  in  normal  health  must  be  used.  At 

J  least  30  percent  must  be  females.  At  least 
v/  8  percent  must  be  over  60  years  of  age  with 
•  proportionate  number  of  females.  At  least 
S  percent  but  not  more  than  10  percent  must 
be  children  under  12  years  of  age,  prorated 


through  that  age  group.  Three  life-size 
r  dolls,  not  included  as  part  of  the  total  pas¬ 
senger  load,  must  be  carried  by  passengers 
to  simulate  live  infants  2  years  old  or 
r  younger.  Crewmembers,  mechanics,  and 
training  personnel,  who  maintain  or  operate 
the  airplane  in  the  normal  course  of  their 
duties,  may  not  be  used  as  passengers. 

(8)  No  passenger  may  be  assigned  a  spe¬ 
cific  seat  except  as  the  Administrator  may 
require.  Except  as  required  by  item  (12)  of 
this  paragraph,  no  employee  of  the  certificate 
holder  may  be  seated  next  to  an  emergency 
exit. 

(9)  Seat  belts  and  shoulder  harnesses  (as 
required)  must  be  fastened. 

(10)  Before  the  start  of  il.e  demonstra¬ 
tion.  approximately  one-half  of  the  total 
average  amount  of  carry-on  baggage. 

, blankets,  pillows,  and  other  similar  articles 
must  be  distributed  at  several  locations  in 
the  aisles  and  emergency  exit  access  ways  to 
create  minor  obstructions. 

(11)  The  seating  density  and  arrange- 
ment  of  the  airplane  must  be  representative 
of  the  highest  capacity  passenger  version  of 
that  airplane  the  certificate  holder  operates 
or  proposes  to  operate. 

(12)  Each  crewmember  must  be  a  mem¬ 
ber  of  a  regularly  scheduled  line  crew,  must 

—  be  seated  in  his  normally  assigned  seat  for 
takeoff,  and  must  remain  in  that  seat  until 
he  receives  tbe  signal  for  commencement  of 
the  demonstration. 

^  (13)  No  crewmember  or  passenger  may 

be  given  prior  knowledge  of  the  emerg-.  „y 
exits  avnilnble  fur  the  demonstration. 

(14)  The  certificate  holder  may  not  prac¬ 
tice,  rehearse,  or  describe  the  demonstration 
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for  the  participants  nor  may  any  participant  video ,  That  the  acceptance  rate  of  the  stand 

hive  taken  part  in  this  type  of  demonstra-  or  ramp  is  no  greater  than  the  accep'mc. 

tion  within  the  preceding  6  months.  --rate  of  the  means  available  on  the  airplane 

(15)  The  pretakeoff  passenger  briefing  for  descent  from  the  wing  during  an  actual 

required  by  §  121.571  may  be  given  in  ac-  crash  situation. _ 


v  /  cordance  with  the  certificate  holder's  manual. 
[/  The  passengers  may  also  be  warned  to  fol¬ 
low  directions  of  crewmembers,  but  may  not 
be  instructed  on  the  procedures  to  be  fol¬ 
lowed  in  the  demonstration. 

(16)  If  safety  equipment  as  allowed  by 
item  (3)  of  this  section  is  provided,  either 
all  passenger  and  cockpit  windows  must  be 
blacked  out  or  all  of  the  emergency  exits 
must  have  safety  equipment  in  order  to  pre¬ 
vent  disclosure  of  the  available  emergency 
exits. 

(17)  Not  more  than  50  percent  of  the 
emergency  exits  in  the  sides  of  the  fuselage 
of  an  airplane  that  meet  all  of  the  require¬ 
ments  applicable  to  the  required  emergency- 
exits  for  that  airplane  may  be  used  for  the 
demonstration.  Exits  that  are  not  to  be 
used  in  the  demonstration  must  have  the  exit 
handle  deactivated  or  must  be  indicated  by 
red  lights,  red  tape  or  other  acceptable 
means,  placed  outside  the  exits  to  indicate 
fire  or  other  reason  that  they  are  unusable. 
The  exits  to  be  used  must  be  representative 
of  all  of  the  emergency  exits  on  the  airplane 
and  must  be  designated  by  the  certificate 
holder,  subject  to  approval  bv  the  Admin¬ 
istrator.  At  least  one  floor  level  exit  must 
be  used. 

(18)  All  evacuees,  except  those  using  an 
over-the-wing  exit,  must  leave  the  airplane 

the  -  by  a  means  provided  as  part  of  the  airplane's 
(Gpquipmept.  .  : 

each  injjjg)  The  certificate'  holders  approved 
tin.-'^rocedures  and  all  of  the  emergency  equip- 
-  ment  that  is  normally  available,  including 
slides,  ropes,  lights,  and  megaphones,  must 
be  fully  utilized  during  the  demonstration. 
(20)  The  evacuation  time  period  is  com- 
^^pleted  when  the  last  occupant  has  evacuated 
the  airplane  and  is  on  the  ground.  Evacuees 
using  stands  or  ramps  allowed  by  item  (3) 
above  are  considered  to  be  on  the  ground 
when  they  are  on  the  stand  or  ramp:  Pro- 


(b)  Ditching  demonstration. 

The  demonstration  must  assume  that  day¬ 
light  hours  exist  outside  the  airplane,  and 
that  all  required  crewmembers  are  available 
for  the  demonstration. 

(1)  If  the  certificate  holder’s  manual  re¬ 
quires  the  use  of  passengers  to  assist  in  the 
launching  of  liferafts,  the  needed  passengers 
must  be  aboard  the  airplane  and  participate 
in  the  demonstration  according  to  the 
manual. 

(2)  A  stand  must  be  placed  at  each 
emergency  exit  and  wing,  with  the  top  of 
the  platform  at  a  height  simulating  the 
water  level  of  the  airplane  following  a 
ditching. 

(3)  After  the  ditching  signal  has  been  re¬ 
ceived,  each  evacuee  must  don  a  life  vest 
according  to  the  certificate  holder's  manual. 

(4)  Eech  liferaft  must  be  launched  and 
j  inflated,  according  to  the  certificate  holder's 

manual,  and  all  other  required  emergency 
equipment  -must  be  placed  in  rafts. 

(5)  Each  evacuee  must  enter  a  iiferaft, 
and  the  crewmembers  assigned  to  each  life- 
raft  must  indicate  the  location  of  emergency 
equipment  aboard  the  raft  and  describe  its 
use. 

(6)  Either  the  airplane,  a  mockup  of  the 
airplane  or  a  floating  device  simulating  a 
passenger  compartment  must  be  used. 

.  .  (i)  If  a  mockup  of  the  airplane  Is  used, 

'  ‘  it  must  be  a  life-size  mockup  of  the  in¬ 

terior  and  representative  of  the  aii  plane 
currently  used  by  or  proposed  to  be  used 
by  the  certificate  holder,  and  must  con¬ 
tain  adequate  seats  for  use  of  the  evacuees. 
Operation  of  the  emergency  exits  and  ,he 
doors  must  closely  simulate  those  on  the 
airplane.  Sufficient  wing  area  must  be  in¬ 
stalled  outside  the  over-the-wing  exits  to 
demonstrate  the  evacuation. 

(ii)  If  a  floating  device  simulating  a 
passenger  compartment  is  used,  it  must  be 
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fabric  shipped  or  delivered  for  shipment 
iiito  commerce  m  the  ordinary  course  .f 
business,  or  vbi  to  any  erter  pror  ssor 
or  finisher  rn  D-ffomvn*  a  contract,  or  ^*eri- 
crussion  $er«u“  to.  f  he  account  o*  a  person 
•  c  the  p.n'  s..  .  of  th:s  Act.  Pro¬ 

vided  '  *a=i.  .-  Mr*  co  :  **r.  pr'v'-  »sc>r.  or  fin 
‘jihei  dt'?>  on:  <:..vj  .  -a  srr'oie  of  wear1. nit 
jpx~e<  o’-  ■£?>.  ;  •  h-  .r  •  !.»  this 

Act  CO" '  ."arv  ••  ;,tr  ' 01  ( h«-  ‘"on  *  met  or 
conimis.  «r.  .  .  :c?  ■■  v  *  :  any  art:d‘e  of 

aefir.nic  Apparel  or  ..-.one  shipped  or  deliv¬ 
ers-  ftu  ih.pr'iLi..  t.Lo  c.orr.riierir"  lor  t he 
purpose  0-.  *\t r  rw  or  p  roc ^  to  render 
such  ip!.  •  v  :.o*.  s,  h.ic:*. flamma¬ 

ble.  under  * ne  rro-i.oos  of  section  -I  o;  th-s 
Acu  ns  to  h-;  lai’go  ^ us  when  wont  by  tndj 
vtdurJs 

Ettecttve  Date 

Sac.  12.  This  Act  '•ha1!  take  effect  one  year 
miter  ths*  date  of  its  passage. 

AOTHDPIZATtOV  Of  SfiCiSSARY 
A.e?RoeniATrj>s 

51  rr  There  L's  he;v>/  a'ihtarjrcd  to  be 
appropriate :i  $\.ch  .u  ma*.  be  necessary 
to  carry  out  the  rrovi:>ior.s  o!  th;r  Act. 

f^O  TO  iS«3*9  Of  *:.  :.0,  1975- ' 

PART  7510---57ANDARD  FOP,  THE 
PIAMMABII.ITY  Of  ClOTHiNG  TEX- 
TlkET. 

S*A>P***1  .4  — -8*  Slendard 

Sec. 

16(0.1  Purpo.se 
1610.7  Scope. 

16i0  3  Requirements. 

16(0  4  Methods  of  >f.. 

1610.5  .Notes. 

lumped  ft.  -ftu'es  oud  Regulovon. 
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16103.1  Test  pruce-*  res  for  t^x-iie  fabrics 
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1610.3*  UnJ/  uncovered  or  f'xpos^d  parts 
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1610  36  App.M  atior,  of  act  to  particular 
types  of  product 

1610.37  Pfas-urabie  and  representative  test 
under  section  8  of  thp  act. 
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1610.39  Shipments  under  llm  of  Lhe  art 
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Commission  §  1610-2 

Source:  40  FR  59891.  Dec.  30.  1975.  unless 

otherwise  noted. 

ComriCAircH  Notc  Part  1610  is  a  codifica¬ 
tion  of  the  previously  unpublished  standard 
lor  fli-rr.rnafcilit)  of  clothing  textiles,  Com- 
mei.-ia!  .standard  ,9:  53.  issued  by  the  De- 
partirctil  '•(  Commerce,  effective  on  Janu¬ 
ary  30.  195!.  t;i':  flammability  standard 
became  ;r.  ~:l  ...  -eh  section  4<a)  of 

the  f.Mn.w  labi .c-.  Act.  as  amended  in 
1  :> 5 4  and  remains  in  effect  due  to  the  sav¬ 
ours  rlause  i  section  111  of  Pub  L.  90-189  16 
Cfl;.  r,art  1 6C9  contans  the  text  of  the 
Flammable  Pabr.cs  Act  of  1953.  as  amended 
ir.  11.134 

Subpart  A — The  Standard 

AtrrHoerry:  Sec.  5.  Pub  L.  83-88.  87  Slat, 
a-,  amended.  68  Stat.  770  (15  U.S.C. 
1193):  sec.  U.  Pub.  L.  90-189,  81  Stai.  568. 
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of  fabric  suitability  lor  clothing 

g  1610.1  Purpose. 

The  purpose  of  this  standard  Is  to 
reduce  dangei  of  injury  and  loss  of  life 
by  providing,  on  a  national  basis, 
standard  methods  of  testing  and 
rat’ng  the  :  I  urnmabilify  of  textiles  and 
ixxtilr  products  for  clothing  use. 
thereby  discouraging  the  use  of  any 
dangerously  flammable  clothing  tex¬ 
tiles 

5  1610.2  Scope. 

(a!  The  standard  provides  methods 
of  testing  the  flammability  of  clothing 
and  textiles  intended  to  be  used  for 
clothing.  “  establishes  three  classes 


Hereinafter,  nothing  and  textiles  In- 
tend  J  io  he  used  for  clothing  shall  be  re¬ 
lent’d  to  as  lextdes  " 

Footnotes  continued  on  next  page 
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of  flammability,  sets  forth  the  require¬ 
ments  which  textiles  shall  meet  to  be 
so  classified,  and  warns  against  the  use 
of  those  textiles  which  have  burning 
characteristics  unsuitable  for  clothing. 

(b)  Specific  exceptions.— This  stand¬ 
ard  shall  not  apply  to— 

(1)  Hats,  gloves,  and  footwear' 

(2)  Interlining  fabrics * 

3  1610.3  Requirements. 

(a)(1)  Normal  flammability.  Class  1. 
This  class  shall  include  textiles  which 
meet  the  minimum  requirements  set 
forth  in  paragraph  (a)(l)(i)  or  para¬ 
graph  (aXIXii)  of  this  section.  Textiles 
meeting  these  requirements  are  gener¬ 
ally  accepted  by  the  trade  as  having 
no  unusual  burning  characteristics. 

(i)  Textile  without  nap.  pile,  tufting, 
flock,  or  other  type  of  raised-fiber  sur¬ 
face.  Such  textiles  in  their  original 
state  and/or  after  being  dry-cleaned 
and  washed  as  described  in  §  1610.4(d) 
and  51610.4(e).  when  tested  as  de¬ 
scribed  in  §  1610.4  shall  b°  classified  as 
Class  1.  jTormal  tlammaoiiuy.  wm-.n 

(S^rnToTnaThtT  vitjni  n.  *  snnnur- 
•cZmaSn  - ■  - 

(ii)  Napped,  pile,  tufted,  flocked,  or 
other  textiles  having  a  raised-fiber  sur¬ 
face.  Such  textiles  in  their  original 
state  and/or  after  being  dry-cleaned 


Footnotes  continued  from  last  page 

•  Ail  the  numbered  footnotes  are  from 
tne  original  printing  by  the  Department  of 
Commerce.  All  the  lettered  footnotes  are 
new. 

•Refer  lo  sections  2  and  4  of  the  Flamma¬ 
ble  Fabrics  Act  of  1953.  as  amended  in  1954, 
act  out  at  16  CFR  Part  1609,  for  the  scope  of 
the  Standard. 

'Refer  to  sections  2(d)  and  4  of  the  Flam¬ 
mable  Fabrics  Act  of  1953.  as  amended  in 
1954.  set  out  at  16  CFR  Pari  1609  for  excep¬ 
tions  to  this  exception. 

’Interlining  fabrics  are  not  considered 
dangerously  flammable  when  used  as  inter- 
1  filings-  When  used  for  other  purposes  they 
should  be  tested  and  rated  the  same  as  any 
Other  fabrics. 

•On  August  23.  1954,  the  Flammable  Fab¬ 
rics  Act  was  amended,  changing  the  lest  for 
tne  time  of  flame  spread  for  plain  surfaced 
fabrics,  provided  in  paragraphs  3. 1.1.1  (now 
}  1610  3iaKlm>>  and  3.1.3  1  (now 
1 1610  laxjxiii.  by  reducing  the  burning 
time  from  4  to  2‘ <  seconds  For  (he  purpose 
of  the  administration  of  that  aci.  therefore, 
the  Jvi  second  burning  time  for  platn-sur- 
face  fabrics  Is  applicable. 


and  washed  as  described  in  5  1610.4(d) 
and  §  1610.4(e),  when  tested  as  de¬ 
scribed  in  §  1610.4.  shall  be  classified 
as  Class  1.  normal  flammability.  when 
the  time  of  tiam.e  spread  is  more  'h^n 
i  s-ronds.  or  wnen  tnev  nn-n  with  a 
rapid  s urince  h.is.n  ilrom  o  to  7  spj. 
onds).  provided  (he  m’erv’u  r f  ih» 
Tlafpp  llsn  Invi  ns  not  tp  ignite  Of  fuse 
"the  base  fabric 

(21  Intermediate  .flam-mribUit-j.  Class 
x.  This  class- sHaT]  include  textiles 
which  meet  the  minimum  require¬ 
ments  set  forth  in  paragraph  (a)(2)(i) 
of  this  section.  Textiles  meeting  these 
requirements  are  recognized  by  the 
trade  as  having  flammability  charac¬ 
teristics  between  normal  and  rapid 
and  intense  burning. 

(i)  Napped,  pile,  tufted,  flocked,  or 
other  textiles  having  a  raised-fiber  sur¬ 
face.  Such  textiles  in  their  original 
state  and/or  after  being  dry-cleaned 
and  washed  as  described  in  §  1610.4(d) 
and  §  1610.4(e).  when  tested  as  de¬ 
scribed  in  §1610.4.  shall  be  classified 
as  Class  2.  intermediate  flammabiiitv. 
when  the  tTme  o!  hllri1  .4br"a  is  irom 
4  to  7  seconds,  b':1.  n  inclusive  and  the 
base  lacric  ignites  or  fuses. 

tlji  Rapid  anc  intrn**  burning.  Class 
T.  This  class  shall  incjuce  textiles 
which  have  burning  characteristics  as 
described  in  paragraphs  <a)(3)(i)  and 
(&)(3)(ii)  of  this  section.  Such  textiles 
are  considered  dangerously  fiamr-.aoie 
ana  reccemceu  ot  The  Trade  as  oeir.g 
unsuitable  'or  r.'ri;  nine  h»-n  of 
their  rapid  and  mim^e  hnrr-ng 
"(i)  Textiles  free  from  ncp.  pile,  tuft¬ 
ing.  flock,  or  other  type  of  raised-fiber 
surface.  Such  textiles  in  their  onginai 
state  and/or  after  being  dry-cleaned 
and  washed  as  described  in  51610.4(d) 
and  §1610  4ie).  when  tested  as  de¬ 
scribed  in  §1610  4.  shall  be  classified 
as  Class  3.  rapid  and  intense  burning. 
When  the  time"?]  T"',ll!  IS  less 

than  4  sorpr/l-.  •  -  '  ”  — 

(a)  Napped,  pile,  tufted,  .flocked,  or 
other  textiles  having  a  raised-  iber  sur¬ 
face.  Such  textiles  in  tb'ir  original 
state  and/or  after  being  dry-cleaned 
and  washed  as  described  in  5  1610  4(d) 
and  §16 10.4' e >  when  tested  as  de¬ 
scribed  in  §  1610.4  shrl:  be  classified  as 
Class  3.  rapid  ana  intense  burning. 
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when  the  time  of  flame  «jnr"'*rl  !aQ<: 
than  *  seconos  ar.d  wTTen  th-1  intensity 
ol  flame  is  sue n  its  to  rcnTTT  ur  ’i:~Lhe 

base  fabric. 

1 1*10.4  Methods  of  test. 

(aXl)  Number  and  size  of  specimens 
required.  Five  specimens,  each  measur¬ 
ing  2  by  6  inches,  are  required  for  each 

test. 

(2)  For  textiles  without  a  raised- 
fiber  surface  the  long  dimension  shall 
be  that  in  which  they  burn  most  rap¬ 
idly.  and  the  more  rapidly  burning 
surface  shall  be  tested.  To  establish 
the  long  dimension  and  the  surface, 
preliminary  tests  are  made  as  de¬ 
scribed  in  paragraph  (g)  of  this  sec¬ 
tion.  with  specimens  cut  in  different 
directions. 

(3)  For  textiles  having  a  raised-fiber 
surface,  the  direction  of  the  lay  of  the 
surface  fibers  shall  be  parallel  with 
the  long  dimension  of  the  specimens 
For  this  type  of  textiles  with  varying 
depths  of  pile,  tufting,  etc  .  the  speci¬ 
mens  are  taken  from  that  part  and 
tested  on  that  surface  which  has  the 
fastest  rate  of  burning. 

(4)  If  the  specimens  in  the  prelimi¬ 
nary  test,  when  tested  as  described  in 
paragraph  <g>  of  this  section,  do  not 
ignite  or  are  very  slow  burning,  or 
should  have  a  fire-retarding  finish,  a 
swatch  large  enough  to  prov.de  the 
specimens  required  for  the  test,  with 
allowance  for  shrinkage  in  dry  clean¬ 
ing  and  washing,  is  subjected  to  the 
dry  cleaning  and  washing  procedures 
described  in  paragraphs  id'  and  (e>  of 
this  section  The  specimens  for  the 
flammability  test  are  then  taken  from 
it. 

(5)  The  specimens  required  for  test¬ 
ing.  each  2  by  6  inches,  are  marked  out 
on  the  back  tor  under  side-  of  each 
sample  with  the  long  dissension  in  the 
direction  in  which  burning  is  most 
rapid,  as  established  in  the  prelinu 
nary  trials.  The  end  of  the  specimen 
toward  which  and  on  the  face  of 
which  burning  is  most  rapid  is  identi 


fied  by  attaching  a  staple  to  It.  The 
specimens  are  then  cut  out. 

(b)  Flammability  tester  1  The  flam¬ 
mability  tester  consists  of  a  draft- 
proof  ventilated  chamber  enclosing  a 
standardized  ignition  medium,  sample 
rack,  and  automatic  timing  device. 

(1)  Draft  proof  chamber  icith  umted 
lop  (A.  fig.  21  This  metal  chamber  pre¬ 
vents  air  circulation  around  the  speci¬ 
men  rack  and  flame,  but  permits  free 
ventilation  for  rapid  oxidation.  The 
chamber  is  14  inches  wide,  3 1 :  inches 
deep,  and  14  inches  high.  There  are  12 
half-inch  holes  equidistant  along  the 
rear  of  the  top  closure.  A  ventilating 
strip  is  provided  at  the  base  of  the 
sliding  glass  door  ut  Che  front  of  the 
apparatus. 

t2!  Specimen  rack  (B.  fig.  2).  The 
specimen  rack  pro-ides  supports  for 
!!;>>  ftam-'i  ir.  whicn  the  specimens  are 
mounteo  The  anjne  of  inclination  is 
45  .  Two  guide  pins  projecting  down¬ 
ward  from  the  center  of  the  base  of 
the  rack  travel  in  >!ots  provided  in  the 
floor  of  the  chamber  so  that  adjust¬ 
ment  can  be  made  for  the  thickness  of 
the  specimen  in  relation  to  the  flame 
front.  A  stop  is  provided  in  the  base  of 
the  chamber  to  assis-  in  adjusting  the 
position  of  t lie  rac*. 

(3)  Specimen  holder  (O,  tig.  2).  The 
specimen  holder  consists  of  two  Vi* 
inch  matched  metal  plates  with 
clamps  mounted  along  t tie  sides,  be¬ 
tween  which  the  specimen  is  fixed. 
The  plates  arc  slotted  and  loosely 
pinned  for  alignment.  The  two  plates 
of  the  holder  corev  all  but  1 inches 
of  the  width  of  l*ir  specimen  for  its 
full  length  Ti  e  specimen  holder  is 
supported  in  the  draft  proof  chamber 
on  the  ruck  at  ar  angle  0<-  45-  Five 
specimen  holders  are  prcviuod 

1  4  Indicating  tinge'  1  l:.  2 >  The 

forepart  of  this  finger  ;e  .hes  the 
specimen  when  the  rack  adjusted. 
By  means  of  this  fingc  -  ;.".e  thickness 


i.  o  O^UCCTIQN  IN  WH1C*  FABRIC 

MOST  *A/>tOLT 

Trent  1. — Specimen  showing  staple. 


’This  apparatus  t»  manufactured  bv  the 
United  Stan-,  Ifsrmg  Cr  .  utb  Park 
Avenue.  Hoboken.  JtJ  Blueprints  of  work¬ 
ing  plans  for  the  mwauf.u.ture  of  this  appa 
ratus  are  mailable,  u  a  nominal  charge, 
from  ihe  above  named  company. 
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Carry-On  Baggage 

1.  Items  which  may  be  retained  by  the  passenger  as  "carry-on  baggage"  include 
briefcases,  attache'  cases,  typewriters,  a^d  other  articles  of  proper 
dimensions  to  fit  under  the  passenger  seat  or  in  the  enclosed  overhead 
storage  compartments  (these  articles  must  be  retained  in  the  passenger's 
custody).  Include  the  measurement  of  carry-on  baggage,  except  live 
animals,  in  the  passenger's  free  allowance  and/or  excess  charge.  Carry- 
on  baggage  must  be  of  a  size  that  it  will  fit  beneath  passenger  seats. 


2.  Federal  Air  Regulations  re-quire  carry-on  baggage  to  be  stowed  during 
take-off  and  landing.  Baggage  stowed  under  a  seat  should  not  infringe 
upon  the  leg  room  of  another  passenger.  This  can  usually  be  accomplished 
by  placing  the  bag  under  the  seat  immediately  in  front  of  the  passenger's 
seat.  Passengers  seated  in  the  forward  row  of  seats  of  a  compartment 
(facing  a  bulkhead)  should  stow  their  bags  under  a  seat  in  front  of  an 
empty  seat  or  under  the  rear  seat  of  a  compartment.  Encourage  passengers 
with  carry-on  baggage  to  select  other  than  bulkhead  seats  or  seats  near 
emergency  and  door  exits,  since  there  is  no  underseat  baggage  stowage 
available  for  passengers  sitting  in  those  seats. 


SAFER  Escape  Slide  Sub-Committee 
Meeting  September  6  and  7,  1979 


I.  Discussion 

The  Continental  Airlines  DC-10  accident  at  LAX  ^  caused  an  escape 
slide/raft  to  collapse  as  a  result  of  exposure  to  radiant  heat  from  burn 
fuel.  There  are  presently  no  requirements  for  slides  or  siide/rafts 
to  resist  heat  radiation  from  fuel  fires,  nor  is  there  ar.  established 
laboratory  scale  test  method  which  accurately  simulates  exposure  to  a 
fuel  fire  radiation. 

Development  and  evaluation  of  overall  slide,  slide  'raft  constructions 
such  as  basic  fabrics,  fabric  coatings,  protective  overcoatings,  stile  ti; 
methods,  and  seam  cementing  materials  all  require  adequate  heat 
radiation  test  apparatus  and  proceedures. 

FAA,  NAFEC  is  presently  conducting  a  program,  to  determine  ef.V_- 
of  heat  radiation  on  pre  s  surized  escape  slide,  slide/raft  material-* 
utilizing  an  infra-red  laboratory  heat  radiation  source."  Tests 
also  be  conducted  on  full  size  slides  and  slide/rafts,  using  a  iarg» 

(30‘  x  30')  heat  source  of  burning  fuel. 

FAA,  NAFEC  is  also  conducting  a  program,  to  evaluate  the  fea  s  ib . . :  t  \ 
of  applying  a  heat  reflecting  coatir.g  to  escape  slides  and  s  .  ide  ,  ;  d  s  .  ■ 

service. 

Current  materials  with  heat  reflecting  finishes,  and  improved  f.tbr:  « 
and  coatings  for  escape  slides  and  siide/rafts  are  being  evaluated  bv  t; 
industry. 


1  NTSB  report  #NTSB  AAR-79-1 

2  NA-78-41  -LR 


II.  Recommendations 

a)  Develop  a  practical  laboratory  test  method  to  correlate  the 
heat  radiation  effect  from  a  fuel  fire  on  escape  Blldes  and  slide/rafts 

Test  method  to  be  developed  by  FAA-NAFEC  with  industry 
aupport  through  the  SAFER  Escape  Slide  Sub-Committee. 

b)  Conduct  a  test  program  to  evaluate  available  slide  and  slide/raft 
materials  including  the  construction  of  the  unit,  using  test  methods 
established  in  a.).  This  is  a  prerequisite  for  considering  heat 
radiation  requirements  for  slide  and  slide/raft  materials. 

The  test  program  to  be  developed  by  FAA-NAFEC  with  industry 
support  through  the  SAFER  Escape  Slide  Sub-Corr.mittee. 

c)  Evaluate  reflective  coatings  which  are  developed  for  slide  at  d 
slide/raft  retro-fit.  Testing  be  conducted  using  test  method  j.  ) 
and  full  scale  pool  fire  tests.  Determine  that  the  selected  reflective 
coatings  be  compatible  with  all  other  slide  ar.d  slide /raft  requiremer. 
including  repacking.  The  evaluation  to  be  conducted  by  FAA-NAFEC 
with  industry  support  through  the  SAFER  Escape  Slide  Sub-Corr.mitte 


NOTES 

1.  The  program  outlined  above  will  be  periodically  reviewed  ar.d 
modified,  if  necessary,  as  the  tests  are  comple'ed,  by  the 
SAFER  Escape  Slide  Sub-Committee. 

2.  Anticipated  completion  of  the  three  phases  of  this  program  are: 

Phase  a. )  By  January  1980 
Phase  b. )  By  May  1980 
Phase  c.)  By  May  1980 


SAFER  Escape  Slide  Sub-Committee 
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SAFER  ADVISORY  COMMITTEE 

TECHNICAL  GROUP  ON  COMPARTMENT  INTERIOR  MATERIALS 
SUB-GROUP  ON  R&D  REVIEW 

DRAFT  FINAL  REPORT  -  MAY  1980 

The  sub-group  on  R&D  Review  met  at  the  Ames  Research  Center  on 
August  13  and  14,  1979  and  the  Jet  Propulsion  Laboratory  on 
March  3,  1980.  Lists  of  attendees  are  enclosed  (Enclosure  1  and 
2).  The  group  reviewed  major  segments  of  t^>e  current  and  planned 
R&D  program  and  attempted  to  arrive  at  a  consensus  on  objectives, 
goals  and  priorities. 

The  first  day  of  the  meeting  in  August  1979  was  spent  in 
reviewing  current  programs  and  plans  of  Boeing,  Douglas,  Lockheed, 
the  FAA ,  and  NASA.  Topics  covered  included  materials  development, 
testing  and  modelling.  Approximate  funding  is: 


1979 

"  1980 

FAA 

$950K 

875 

NASA 

1485 

695 

3  TRANSPORT  MANUFACTURERS 

2200 

1900 

The  second  day  was  spent  discussing  issues  and  priorities  ana 
preparing  initial  write-ups. 

Subsequent  to  this  meeting,  it  was  determined  that  a  long  term 
plan  for  mathematical  modelling  was  desired.  JPL  was  requested 
to  prepare  this  plan  and  iterate  with  industry  and  other  agencies. 
It  was  also  decided  to  examine  toxicity  within  the  context  of 


■  v  jaJkifc.  bi-AWfc-N0i' 


1  _  , 


■  —  ■  -  ■ 


modelling,  testing,  and  materials  development  and  to  add  that 
topic  to  this  sub-group.  As  these  activities  proceeded,  it 
became  clear  that  a  quantitative  fire  scenario,  the  need  for 
which  was  identified  at  the  August  1979  meeting,  was  needed  as 
soon  as  possible  to  provide  a  focus  for  the  disciplinary 
research.  As  a  result,  the  group  met  again  in  March  1980  to 
review  a  straw-man  scenario,  the  proposed  modelling  plan,  and 
the  issue  of  toxicity. 

t 

This  report  includes  a  summary  and  perspective,  followed  by 
detailed  discussions  of:  Materials  Development,  Criteria  for 
design,  Modelling,  Testing,  Toxicity,  and  a  follow-up  organization 
Each  section  includes  a  discussion  of  proposed  research  objectives 
however,  because  of  the  variation  among  the  status  and  under¬ 
standing  of  the  several  disciplines,  there  is  considerable 
variability  in  the  description  of  the  needed  effort.  Where 
possible,  schedule  objective  and  required  funding  are  described, 
but  in  some  cases  this  could  not  be  accurately  forecast. 


1.  Summary  and  Perspective 

Aircraft  cabin  fire  safety  technology  has  historically  been 
focussed  on  polymeric  material  development.  Most  of  these 
materials,  which  are  functional,  comfortable,  decorative,  and 
economical,  will  burn  under  certain  conditions.  Past  research 
has  emphasized  modifying  these  materials  or  developing  alternative 
materials  to  reduce  (but  not  necessarily  eliminate)  burning  and 


the  evolution  of  smoke  and  toxic  gases.  We  are  able  to  test 

these  materials  in  the  laboratory  and  provide  relative  data  on 

burning  (e.g. ,  flame  spread,  heat  release  rate),  smoke  evolution, 

and  toxic  effluent.  The  problem;  however,  is  to  relate  such 

data  to  behavior  in  an  aircraft  fire  and  to  p^ovide-adequate. 

-fo  suwit/fitilrty  t\  <r  />»rt  cr&L 

safety* in  the  design  of  the  aircraft. 

It  is  simplistic  to  demand  that  we  continually  change  to  materials 

that  burn  less  readily  or  give  off  less  smoke  or  toxic  gas.  Before 

we  require  the  investment  for  such  changes,  we  should  be  able  to 

ink vi v*  bi iiiy 

define,  even  approximately,  the  increase  in  safety  that  would 

accrue.  To  do  so  we  should  be  able  to  predict  (analytically  or 

empirically)  the  course  of  a  fire  in  a  real  aircraft  containing 

a  mix  of  materials.  We  want  to  be  able  to  predict  how  much 

additional  escape  time  would  be  provided  by  a  change  in  seat 

material  from,  e.g.,  one  with  a  1.0  inch  burn  length  in  the 

bunsen  burner  test  to  material  with  0.5  in  burn  length.  And  we 

would  need  to  predict  (•appgwwamafcpd'Yfr  the  ab&crlufce  escape  time. 

For  example,  in  a  post-crash  fire  in  which  all  of  the  people 

*>nrv’tv  (j  /, ',//  ; ' v 

evacuate  within  1-3  minutes,  no  real  increase  in  safety  would  be 
provided  by  changing  from  a  material  that  allowed  10  minutes 
escape  time  to  one  providing  20  minutes  escape  time. 

1.1  Materials 

There  is  a  perception  that  the  flammability  of  aircraft  interior- 
materials  constitutes  a  major  threat  to  passenger  safety  in  the 


case  of  post-crash  fires. 


Accident  statistics  do  not  support 


chis  perception.  a  muu.ll  lf'raLL'iuir*af~,',d't!L'ltH?Hr'  victims- die- 

Ate  k»+->kc.  cnusci  *4-  . 

fawa  burning  or  suffocation.  Many  of  the  current  (wide  body) 

A 

interior  materials  perform  quite  well  as  indicated  by  observations 

iic  4  ire.  resist  Kt 

of  recent  accidents.  The  ability  to  improve  upon^ these-roaterial-s 

4eve/#//fcf  t&4 

depends  on  .improved,  criteria  based  upon  roal  i-striT?  well  defined 
K  ''n  • 

fire  scenarios,  and  v^alTda-t-ed  test,  methods.  Materials  efforts 

K  Ti\crr».c>pt<l$-f(cS/  -SojiwSj  -Si  s , 

in  the  near  term  should  concentrate  on  decorative— inks-antd— f-i-lm», 

<idke$wes. 

soat — cushions— and— arm— test-e; —  f-loor— ewe  r.  1  ng  s  •, — uphol-s  terp; — and 


dn^pes  f- o  mprnun — ^i-rwa— t*~s acrri'fi-ci'rvg— l-i-f-e .  In- 
C 

additfi-ofK  efforts  are  needed  on  window  materials  which  can 

A 

resist  fire  penetration  t<>-fche-^ame~ndegT:c~e~'§'s''T:tirrer.i:’*  sidewall 

ey*  c  *r !< <t c £  tu/7>~  l\ec<t  Kr*^ 

mal-erual ,  and  mora-heat— resist  antr-(whel1~deployed)  evacuation-  * 

Slides-. 

1.2  Criteria  for  Design 

One  of  the  limiting  factors  in  defininq  requirements  for  interior 

materials  is  the  lack  of  realistic  criteria  based  on  well  defined 

A- 

fire  scenario^.  The  most  important  threat  appears  to  be  an  other¬ 
wise  survivable  take-off  or  landing  crash  followed  by  an  external 

pool  fire  with  the  fuselage  intact  and  only  door  size  openings.  A 
reasonable  quantitative  definition  of  such  a  fire  rs  incorporated 
in  the  body  of  this  report.  In-flight  internal  fires  are  readily 

detectable  and  cxtinguishable  and,  although  part  of  the  design 
requirement ,  do  not  appear  to  be  the  pacing  requirement.  Cut  rent 


wide  body  interior  materials  appear  to  function  adequately  as 
fire  barriers  to  external  fires  and  it  is  not  obvious  at  this 
time  that  significant  additional  effort  is  needed  in  the  area 
of  barrier  material  technology. 

One  of  the  major  issues  which  surfaced  during  the  discussion 
was  to  consider  the  improvement  of  cabin  fire  safety  using 
an  overall  systems  approach.  The  understanding  of  the  total 
threat  to  the  occupants  of  heat,  smoke,  ancf  toxic  and  irritant 
gases  and  their  interaction  must  be  combined  with  detection, 
extinguishment,  and  evacuation  considerations  in  order  to  provide 
realistic  design  requirements.  The  old  approach  of  trying  to 
improve  each  aspect  separately  does  not  necessarily  provide  the 
most  significant  or  expeditious  improvement  in  safety.  For 
example,  there  was  a  strong  feeling  that  substantial  further 
efforts  in  reducing  interior  material  flammability  were 
predicated  on  acceptance  of  the  inevitability  of  a  substantial 
pool  fire:  whereas  fuel  modification  or  fire  suppression  research 
might  have  more  potential  in  terms  of  more  substantial  improve¬ 
ments  in  safety. 

1.3  Modelling 

The  ability  to  analytically  or  empirically  describe  a  fire  and 
its  progress  is  nocopoary  for  designing  interior  systems  and 
selecting  materials,  and  al-ecr- relate 'small  and  full  scale 

A  A 

test  data  to  pa^oxataLncg~i«»-"aa  accident.  Fire  modelling 


A-:)., 


is  currently  in  the  early  stages  of  development.  It  was  felt 
that  a  concerted  effort  should  be  made  to  accelerate  the 


empirical  correlation  of  lab  and  full  scale  tests  a&~well  ae 

a  long  j  pypstmont-^in  ana  ]  yH  na  l  modelling  development. 

A 


1.4  Testing 

Testing  methodology  was  singled  out  as  a  technology  requirement 

because  of  the  lack  of  reliable  predictive  methods  which  are 

demonstrated  to  be  correlated  with  performance  in  an  accident. 

Near  term  focus  should  be  on  well  instrumented  full  scale  tests 

(e.g.,  FAA's  C-133  tests  and  NASA’s  B-737  tests)  to  provide 

quantitative  design  requirements  and  to  realistically  evaluate 

cc^-fri'jK  f' 

current  and  new  materials  systems^.  A  mock-up  test  should  be 
developed  to  provide  similar  evaluations  in  the  future  at  lower 
cost.  Also,  further  development  is  needed  to  develop  correlation 
between  lab  tests  and  full  scale/accident  performance. 


1.5  Toxicity 

It  is  not  clear  based  upon  available  evidence  whether  or  not 
the  potential  evolution  of  toxic  gases  presents  a  critical 

fur/uMtn ’li'ty 

to  aircraft  cabin  fire  safety.  We  recommend  that  research  br 
conducted  to  clarify  this  issue.  Simultaneously"  we'recommend- 
proceeding~with-a—research*pi,bgraTir,vhi"Ch^assume6- that_there-is~, 
such— a— or i fc ica't~”thrre a tT rT'ord eif  t o  a ITotr *ar~va li d'xlc sign-base.^ 
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1.6  Follow-Up  Organization 


The  group  felt  the  need  for  an  on-going  forum  for  exchange  of 
information,  co-ordination  of  research  and  technology 
planning,  and  development  of  standards.  After  exploring  several 
alternatives,  it  was  decided  to  establish  such  an  activity  within 
the  existing  ASTM  Committee  F-7. 


2.  Materials  Development 

t 

Recent  FAA  test  results  cieari’y  indicate  that  a  continued  effort 

iVnpr«i/c_ 

is  required  to  provide  f-ir-e— r e eie to n b  seating  materials, 

decorative  and  structural  panels,  loon-coveri-nga ,  windows  and  1  v 

di?apee .  It  appears  at  present  that  the  major  threat  to  human 

survivability  in  a  crash-survivable  post-crash  fire  accident 

from  a  materials  point  of  view,  are  the  seats^  the  windows,  and 

fctoe— decor-atifV©— paiiels-*- 


Considerable  progress  has  been  made  in  fire  hardening  the  basic 


undecorated  panel  from  the  point  of  view  of  fire  involvement  and 


k.t>uj(LVC.r  , 

il-y  because-  of -..exis-t. 

btt-lfl  prcgress  hflg  heen  .Kiart«..  j  n. 


f  impi-ic-ncM  u’  <.-n.fi  i/t''. 

fire  containment^—Unfor-tunatel-y-- because-  of  . .exis-ti.bg.  processing 


the— development-of— what— should-be-called-  decorative  sui luce 
sye-tems-t — --The'nmarjof^S'ctTvrty'~iTI~t  he  -near — term  'thaf’shoul  d'hnve 
the-Jnaximum-paybf  r'witTi™respect”'tb'"Tirre~  survivability  -and-  the 
paeb—crash— f  ire— sittiat iom  must— take— into-account — the  component- 
a«d^he-'-perforrrTcTnd'€”'ax  JfTi'd~T?bmbined  "'component— in-t-he 

i  uo  panol-;  Activities  should  be  directed  in  development 


•>-  !'/ 


jml 


of  films,  inks,  pigments  and  adhesives  which  lend  themselves  to 
current  production  methods  at  reasonable  cost  and  with  comparable 
decor  that  can  resist  the  tendency  to  flashover  and  toxic  gas 
emission  under  heating  rates  in  excess  of  5  watts/cm2.  -No 
p-Urrar.t  WiHp  17  *1 S-  Although  not  tested  in  full 

scale,  data  from  both  aircraft  accidents  and  laboratory  tests, 
suggest  that^ highly  flammable  thermoplastics  which-  drip  and 
form  showers  of  burning  droplets,  shoul-d-be-plimineted-f  ronr^rtT^- 
ccAft— Inter  iut  *"ays  temm  Liiuifced-progre6s-hae.-been~made -  to-date. 

ind— new— candidates- -f or—these— appli-cat-iorte .  Recent  advances 
with  new  thermoplastics  make  a  re-examination  of  these 
thermoplastics  worthwhile. 


It  is  clear  from  both  laboratory  and  full-scale  tests  that 
considerable  fire  containment  benefits  can  be  derived  from 
improvements  in  the  fire  hardness  of  transparent  window  materials 
These  windows  have  a  promise  for  a  quick  and  cost  effective 
solution  to  the  hazard  of  fire  penetration  through  window  open¬ 
ings  which  occurs  from  the  failure  of  conventional  materials. 

It  has  been  already  demonstrated  that  the  new  f ire-resirlant 
NASA  developed  transparent  materials  reduce  this  hazard.  A 
considerable  developmental  effort  will  be  necessary,  but  rather 
short  term,  to  get  these  new  windows  into  production.  This 
development  calls  for  the  preparation  and  study  of  composite 
transparent  laminates  and  significant  improvement  in  the  edge 
attachment  technology. 


As  far  as  cushioning  and  upholstery  materials  are  concerned  for 
the  short  term,  it  has  been  recently  demonstrated  it  may  be 
possible  to  reduce  the  threat  of  fire  spread  throughout  the 
aircraft  by  the  use  of  a  fire  blocking  layer  comprising  a  high 
char  yield  elastic  foam  to  modify  current  conventional  seats  or 
the  use  of  polyimide  foam. 

LiXtl-e— progress— hae-been-  made-recent  ly'TrT'de veTopTncpsaf  e  r 


Labrigs..,j;ar..-^ 


^TrTdf 


c.‘s  Recent  advances 


with  PBI  fibers  and  new  f ire-resistant  fiber  coatings  may 

■f*'*  wiiw-fW1  (Mirr/ar  *-i’rifs'} 

offer  some  long  term  help.  HoweVer7~vrithin  the- stat.e-'df-the** 

art-. — improvementa-are-possiblc  '  in"  the~shoit  terriT*with“windows- 


-ssats-and  decorative  panels. — — . 

^  CCk  /"t.  !/.<?,. X~.  t'-f  pti.’i  Cl. 

SignifaoaatlTmprovemenls  in  fire  containment  capability—of  air¬ 
craft  insulation  jarul-jiesioeari'Ce~t’c5~r±rEr75prcad-“of-*the*“00veTrjngs* 
wbjch  ri lppo nt—  t hem-may^a rsS^onCrlbu t  e "  to"  the'Ttfih  * t'd rm 
SUXJUui  v abi-lTty~i iTTh g*~pO 5 r=tfYel'Slr*f-i re»  —  Thj a  i s— illustrat.ed-hy 
the— reoent— applieetion-of  polyimide^ insulation^  support- films  by.„ 
Leekh  e  e  (T~tm — ttnrt53*  0  It  •. 

Gutrent  techniques  improving  the  fire  resistance  of  inflated 

Ji\  1 1 «*  to  !' 
elastomeric  slides  throuqh-d-he  use- of*  reflective  coot  ings may... 

<1  *>  beat  kt -I'fv.jr f  ,f /V 

b^- adequate  for  the  short _ term  .„,.ogro_ss„(.^^ .  cecor.ds but  certainly- 

requires  ~TTruch‘^tff<5f7~~S'l'gn i f l~Pah f  improvement  -  for— longer  egress 
times  -which  ~aTe”subst  anti  ally  'Th'e*"rea2  goal*  of  “our"  current  •  and 
pro-3  ec ted-materiadrs— development  "pro<jraTtrr 
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With  regard  to  the  R&D  funds  anticipated  to  be  useful  and 


necessary  to  achieve  the  improvements  discussed  above,  it  would 

(jKtsoufk 

seem  that  near  term  improvement^  in- seat-ing ■  materials  should  be 

a'joici  W'Y  ?*-■* 

arr;omp-1  j  |g>»c>d  by  ..‘lQftT  ml-K-an — iniMxt-inpn'KT.f — ahrnvU.  $  300 , 000  f  Or  V-  *• 

^  i  >/ 1  *  €  <■  reKiU  «  t- e  /V  *  -  <*  #«.  *«»f  *?>  £  .»  ?  y/>. . . 
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effectively  utilize  something  like  $150,000  a  year  for  the  next 
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three  to  five  years  and  is  modestly  high  risk  research  involving 


?e  tc 

the  exploitation  of  recently  discovered  polymers  usefuJ  for 
foams  and 'fabrics. 


The  window  requirements  are  also  similar  requiring  immediately 

\  / 

the  production  of  |irototype  windows  and  edge  attachment  devices 


\ 


for  conducting  environmental,  operational  and  fire  tests.  The 

\ 

resources  requirement  fot%this  combined  effort  could  amount  to 

\  / 

as  much  as  $300,000  over  a  two  year  period  to  bring  these 

\  / 

windows  to  a  set  of  production  and  performance  specifications. 

-'X 

Research  on  new  interior  decorative  Nsystems  along  conventional 

/  \ 

lines  such  as  films,  adhesives  and  inks^,  etc.,  will  proceed  very 

/  \ 

slowly  and  no  short  term  answer  is  expected.  This  continuing 

/'  .  \ 

R&D  could  effectively  utilize  approximately  $200,00  per  year 


for  a  period  of  three  to  four  years.  There  arc  research 

X  \ 

opportunities  to  look  at  new  transparent,  unsupported  films, 

/  \ 

such  as^-'polyetheretherketone ,  and  fire-heat  resistant  adhesives 

currently  being  studied  such  as  phosphorylated  epoxies. 
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3.  Criteria  for  Design 


As  described  above,  a  major  need  is  to  be  able  to  quantitatively 

4  4r'y*^~  tiepin  c^i’rc^tn.l 

describe  t.ha  char«aob»&j>»t-i-c9— of— a— post— or  ash-  f  i  re-; — establish 
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human  tolerance  limits,  t-fren  d&SjLgn. 
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safe  escape  in  sufficient  time.  The  current  FAA  C-133  tests 
will  provide  much  information  on  the  design  fire.  Until  such 
data  are  available,  the  straw-man  scenario  described  below  is 
proposed  as  a  focus  for  technology  activities. 


3.1  Aircraft  Cabin  Fire  Scenario 


3.1.1  General 

A  wide  body  jet  transport,  with  a  passenger  load  factor  of  57 

percent  crashed  on  the  runway  of  a  major  airport  following 

H-  if  k 

an  abnormally  steep— landing  descent  rate.  The  accident  occurred 
on  a  sunny  afternoon. 

3.1.2  Postcrash  Fuselage  Description 

<K  Cf>Ghl.<4 

Except  for^  a- eupt-ure  in  the  fuselage  skiru-above.the-cabin  floor 

on  the  right  side,  the  fuselage  was  other-wise  intact. 

c, 

The  size  of  the  rupture— was  approximated  a  rectangle  70 
inches  high  and  42  inches  wide.  Ad.  though  The  tw'o  forward  doors 
on  each  side  of  the  fuselage  were  jammed^  passengers  and  crew 
members  -  none  of  whom  were  immobolized  or  traumatized  — 
utilized  the  remaining  six  doors  to  evacuate  the  airplane. 

During  the  crash  deceleration  the  landing  gear.!  were  sheared  off 
and  the  airplane  eventually  came  to  rest  on  its  belli’  in  a  level 
orientation.  All  emergency  lighting  systems  operated  properly. 


3.1.3  Fire  Description 


Puging— the  crdSTnigtiulei at>*un  /an  integral  tank  in  the  right 

IK? 

wing  was  penetrated  by  debris,  craw STny 'the  spillage~o£  fuel 
which  was  immediately  ignited  by  frictional  sparking.  A  trail 

of  burning  fuel  was  observed  behind  the  decelerating  airplane. 

4-S 

Wben^the  airplane  came  to  rest  a  large  external  fuel  fire 

erupted  immediately  in  the  vicinity  of  the  fuselage  rupture. 

(UQtaa  Based  on  past  accident  analyses^  other—  plausible  openings 

'  <h\  « 

for  the  entry  of  fire  are  inadvertently  opened  doors  or  small 
ruptures  beneath  the  cabin  floor  line. )  Other  door  openings 
were  not  subjected  to  the  pool  fire,  which  involved  several 
thousand  gallons  of  fuel.  The  pool  fire  reached  heights  of 
approximately  75  feet,  extended  beneath  the  belly  of  the  fuse¬ 
lage  and  completely  covered  the  rupture.  The  pool  fire  flames 
were  attached  to  the  fuselage^  Only  those  cabin  materials  very 
close  to  the  ruputure  opening  were  subjected  to  the  intense 
heat  and  fl  antes  .  genera  ted-Joy^-the-fue^—^  i  re.  A  relatively 
steady  3  mph  wind  was  blowing  in  a  direction  perpendicular  to 
the  fuselage.  The  pool  fire  was  upwind  of  the  fuse  lane.  The 
radiative  heat  flux  in  the  fire  may  have  reached  3-1  nt  1  t  *  —  :■  l  c 

l. 

and  at  the  center  of  the  cabin  at  the  ruptuio  w.'uld  havr  been  a' 

least  1.8  Btu/ft^-sec.  Tliere  was  moderate  pc  net  t  at  ion  «  t  i  3  an.es 

ihf.  v’ic im'iV  hie 

from  the  fuel  fire  primarily^  onto— the, ce-iiing  next 
to  the  rupture  opening.  (  Nate:-  Wliabtwr-  t  );e  f  use]  uo<  ■~T3' \Y  'wi  do  » 


^ody^type*  or  a  standard  body*  type  will  have  a  crucial  bearing 
on  the-'-development  of  the  fire  and  its  hazards.  For  example, 
compared 'to^a- standard  body  jet,  a  wide  body  jet  is  significantly 


more  resistant  to  burn  through  by  an  external  fuel  fire,  furnished 
with  more  flame  retardant  cabin  materials,  and  encompasses  a 
larger  cabin  volume  with  possibly  greater  dilution  of  combustion 
products.) 


♦this  terminology  refers  to  the  era  in  which  the  aircraft  were 

developed  rather  than  the  size.  Wide  body  aircraft  of  the 

&  \ 

1970 's  have  more  burn-through  resistant  sidewall  panels  than 

ojxler  narrow  bodies  of  the  1960's. 


3.1.4  Evacuation  Description 
At  th  -  first  indication  of  fire  at  the  ruptured  fuselage 
location,  those  passengers  nearby  immediately  began  moving  away 

Kr.n'L 

from  the  -fire . 

Surviving  passengers  and  crew  utilized  all  six  operational  doors 
to  evacuate  the  airplane.  Estimates  for  the  evacuation  time 

ranged  from  90  seconds  to  3  minutes.  (Note:  It  is  recommended 

fret  -T:’  c  r  t  {  1  i  /•  •  V  ic  P  n'i  }  t*  S’  1. 1  » -  ‘  '  • 

that  full— scale  lire  -tests  be  conducted  for  -a  period  or -ft 
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nuJiLiUe&- in-order"  to  "completely  cover-the  time  scale  of  potential. 


interests.  )  The  shell  of  the  fuselage  remained  primarily  intact, 
dux  ino  the  evacuat  ionf  al-t  houoh- the— cabin  was- even  t  ueiiy  autted. 


3.1.5  Design  Fire  Considerations 
-An  important  feature  of  an  aircraft  postcrash  cabin  fire  is  the 
possibility  of  intense  thermal  radiation  through  a  fuselage 
opening  caused  by  a  large  external  fuel  fire. 

-In  order  to  be  representative  of  the  large  fuel  fires 
characteristic  of  many  aircraft  accidents,  a  design  fire  should 
be  "optically  thick"  to  produce  this  intense  radiation. 

-The  severity  of  the  fire  exposure  to  interior  materials 
increases  with  the  degree  of  flame  penetration. 

-Cabin  hazards  arising  from  the  fuel  fire  are  dependent  on  the 
amount  of  flame  penetration  into  the  cabin.  The  degree  of  flame 
penetration  for  the  design  fire  must  be  selected  to  provide 
cabin  hazard  levels  well  within  human  survival  limits  over  a 
prescribed  time  interval. 

3.2  Human  Tolerance  Limits 

Some  information  is  now  available  on  the  limits  of  human 
tolerance  to  heat,  smoke,  and  some  toxic  gases:  however,  more 
work  is  needed  in  defining  the  effects  of  irritant  gases  and  a 
definition  of  human  tolerance  from  a  system  point  of  view.  The 
combined  effects  of  heat,  visual  disorientation,  and  the  presence 
of  irritating  or  toxic  gases  on  the  behavior  oi  passengers  needs 
to  be  evaluated  relative  to  cabin  egress  design.  Efforts  along 
the  line  of  the  FAA  Combined  Hazard  Index  (CHI)  program  arc 
needed.  It  is  estimated  that  a  major  effort  is  needed  for  3 


years  to  develop  a  preliminary  useful  design  criteria. 


3.3  Egress,  Lighting,  and  Evacuation 

These  activities  do  not  fall  under  the  category  of  cabin  interior 
materials;  however,  the  design  and  development  of  technology  mus 

‘  vv 

be  done  in  conjunction  with  establishing  a  combined- hazard' indejci 

■fov  ev*  T/'kj  . 

3.4  Barrier  Considerations 

In  the  case  of  a  post --crash  fire  in  which  t,he  fuselage  is  not 
significantly  ruptured,  current  sidewall  materials  appear  to 
provide  adequate  protection  from  bur n- tnrough  for  reasonable 
evacuation  times.  Efforts  should  be  made  to  upgrade  trans¬ 
parencies  as  described  in  section  3.0  on  Materials  Development.. 
Technology  appears  to  bo  nearly  in  hand  to  provide  reasonable 
fire  barrier  protection  for  unattended  lavatories,  carry-on 
storage  compartments,  and  cargo  compartments. 


4.0  Modelling 

This  activity  is  seen  ar  the  centerpiece  of  cabin  fire  safety 
technology.  In  order  to  intelligently  relate  material 
laboratory  test  results  with  aircraft  cabin  qoomotrv,  the  fire 

scenario .  and  human  tolerance  limits,  it  is  races.'  my  to  have 

tfiuf 

analytical  or  empirical  tools  to  model  t  hr  f  i  re.  '-’note  arc*  tve 
aspects  to  this  issue  which  are  complement  .*.r\  ant.  integrated 
activities.  They  are: 


( 
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bong  term  development  of  mat h>mu t ica  1  tools  to 

texft r :’C  • ’ i  iui  f  ft>/\  i 

predict  the  prcqrcrs  of  bunnn- 


Mif-rmat  and  oar 

A 
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species  distributions  in  a  defined  geometry. 

ahi/yitct/  i*4  •+<>  Ccrrcfi'fe 

Short  term^ empirical  methods  based-rm^  full  scale  i 

a«d*  model.  testir«r^rKi"-c<yrrel^T1:‘0Ti"^rbiri  laboratory  testing. 

J  * 

Those— two  aspects  'slwjuld  not  fre—corre ide«-ed— a s-eompet-iti^’G 
agfaiv-i-t-ics ;  btrt  1  rattTgr*~trot-rr-pa-rt~-of'-a--cont i nuum.,.oiL~activi ties 
fcEom-wh  rch-i  riCT e~a~s  i'TLTJl y-Ta  1-a  ab  le~imo  de  Hi  ng-tools-emerge. 

4.1  Short-Term  Modelling  Plan 

The  base  for  the  development  of  such  a  methodology  has  been  laid 
down  with  several  programs  including  the  FAA  contract  with 
McDonnell -Douglas  for  the  "Combined  Hazard  Index"  (CHI),  Boeing 
fire  test  methodology  program  started  in  1974  and  the  NASA-JSC 
contract  on  fire  test  methods  which  Boeing  completed  in  October 
1978.  There  are  probably  others,  but  these  are  notable  because 
they  developed  within  two  of  the  three  major  airframe  companies 
exceptional  knowledge  pertaining  to  the  problems  of  material 
evaluation  and  fire  threat  definition.  This  background  combined 
with  the  knowledge  of  airplane  construction  and  parts  fabrication 
provides  a  currently  unique  capability  to  develop  a  methodology 
to  evaluate  the  fire  performance  of  materials  in  a  fashion  both 
effective  in  materials  control  and  practical  in  application. 

The  program  on  the  attached  chart  is  proposed  to  develop  this 

capability  in  the  shortest  time  possible.  It  is  recommended  that 

a  Hsm ;cs>rt  nq  h  u  crurcn  /*•(*&*'/  ('ey.  /r/4) 

-£j3eA&I*'be  recognized  as  representing  a  major-  portion  of  that 

knowledge  necessary  for  the  short  term  solution  and  that  the  F A! 
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allocate  funds  to  boekhe*KH-~Dougl»aer^in<j-Bo<?iTigi(  to  operate 

FA4  f'C 

jointly  in  Phase  I.  The  FAA,  through  NAP  Be,  would  provide  a 
focal  point  and  monitoring  function.  Expert  opinion  for  state- 
of-art  solution  would  be  solicited  and  documented  where  needed. 


During  Phase  I  the  following  phases  would  be  more  completely 

-Til- 

defined,  including  participation  by  FAA-'KSFBG-j  FAA-CAMI ,  NASA, 

IK  ltdZ  'i  i'  V 

etc.  as  would  the  level  cf  funding  required  by  the  AXA-rcompani>es . 
Much  of  the  work  required  in  Phases  II-V  has  already  been 
started  during  the  previously  noted  programs.  The  main 
ingredients  for  the  success  of  such  a  program  are:  (1)  a  sense 
of  urgency  to  resolve  the  material  evaluation  problem  within 
the  state-of-the-art,  (2)  recognition  that  in  this  case  only, 
the  airframe  companies  have  the  test  correlation,  airplane 
design,  material  selection  and  laboratory  test  application  back¬ 
ground  to  develop  phe-  practical  solution?-  in  a  timely  fashion, 

(3)  a  means  of  formally  requesting  and  obtaining  the  participation 

ikiA(  yrv  <f 

of  the -AlAr  members  in  the  effort,  and  (4)  timely  testing  and 

analysis  support  by  the  NASA  and  FAA-CAMI  and  effective  testing 

TV 

and  program  administration  support  by  the  PAA-IITI'SC. 

It  would  be  expected  that  at  the  end  of  each  phase  the  FAA  would 
be  given  a  formal  report  and  could  review  it  with  other  expoi ts  as 

desired,  before  embarking  on  the  next  phase  ot  the  program.  The 

l'i  :  <  i 

cost  of  the  program  would  probably  by  $1-1.5  million  for  the  AIA 
co»p«ni«s  (depending  on  how  much  now  data  was  needed  and  the  tine- 


liness  to  take  advantage  of  current  IRAD  programs)  not  includina 

T>_ 

support  by  the  FAA-HAFB®.  On  six  month  intervals,  progress 
could  be  compared  to  the  long  term  model  development  and  the 
need  for  continuation  or  change  in  direction  of  either  or  both 


determined. 


C.  P.  Bankston 
L.  H.  Back 
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I.  INTRODUCTION 


This  document  describes  a  broad,  long-range  Fire  Modeling  Technology  Plan 
which  has  been  developed  in  response  to  recognized  fire  safety  needs  in  commercial 
aviation  and  for  the  Special  Aviation  Fire  and  Explosion  Reduction  (SAFER)  Advisory 
Conmittee.  It  is  designed  to  provide  analytical  models  which  possess  well  defined 
predictive  capabilities  with  particular  emphasis  on  user  needs.  Furthermore,  since 
analytical  methods  should  be  developed  in  conjunction  with  related  experiments,  this 
pl^n  also  includes  test  programs  which  are  necessary  to  establish  effective  and 
valid  predictive. techniques. 

The  planning  process  was  initiated  on  October  1,  1979,  and  includes  input 
from  the  major  airframe  manufacturers,  Federal  Aviation  Administration,  National 
Bureau  of  Standards  and  NASA.  In  addition,  as  part  of  the  planning  process  the 
Definition  of  Requirements,  Phase  1,  was  substantially  completed  by  OPL  and  the 
findings  are  presented  herein. 

Finally,  note  that  this  long-range  plan  would  be  complementary  to  the 
short-range  plan  for  the  development  of  empirical  correlation  methods  (for 
materials  evaluation)  which  has  been  proposed  by  Boeing.  Also,  detailed  plans 
for  the  development  of  hazard  evaluation  methodologies  are  left  to  other  specialists. 
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II.  BACKGROUND 

1.  Implications  for  Fire  Modeling  Technologies 

A.  Aircraft  Design  and  Materials  Development 

The  ability  to  accurately  predict  fire  characteristics  will  allow 
"a  priori"  determination  of  the  effects  of  different  interior  con¬ 
figurations,  fire  detection  and  suppression  systems,  ventilation 
geometries,  etc.,  on  fire  behavior.  In  addition,  modeling  of  the 
burning  response  of  materials  will  allow  evaluation  of  the  effects  of 
different  material  parameters  on  fire  characteristics,  and  thus  pro¬ 
vide  insight  for  materials  development.  Also,  it  should  be  emphasized 
that  while  an  effective  modeling  technology  cannot  eliminate  laboratory 
and  full  scale  tests,  it  will  allow  for  the  planning  of  fewer,  more 
meaningful  tests. 

B.  Hazard  Evaluation 

The  ability  to  predict  such  quantities  as  gas  temperature,  toxic  specie 
concentrations,  smoke  density  and  heat  fluxes  is  necessary  in  order  to 
evaluate  life  hazards  in  the  fire  environment.  For  example,  a  wide 
variety  of  design  options  and  material  characteristics  can  be  studied 
to  determine  their  relative  effects  on  hazardous  fire  phenomena.  Also, 
these  analyses  might  influence  evacuation  plans  or  other  operational 
procedures. 

C.  Regulatory  Standards 

Fire  modeling  can  assist  in  the  development  of  regulatory  standards  by 
providing  Information  on  the  impact  on  aircraft  fire  safety  of  material 
standards,  design  guidelines  and  operational  constraints.  In  addition, 
combined  laboratory  and  full-scale  model  analyses  will  aid  in  the  estab¬ 
lishment  of  meaningful  testing  and  acceptance  criteria. 
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Modeling  Methodologies 

Fire  modeling  as  discussed  in  this  Plan  is  defined  as  the  mathe¬ 
matical  description  of  physical  and  chemical  fire  phenomena;  and  the 
description  of  the  (local)  environment  affected  by  those  phenomena.  These 
processes  are  usually  described  by  conservation  equations  governing  the 
transport  of  mass,  momentum,  energy,  individual  gas  species  and  smoke. 

Models  may  then  predict  (but  are  not  necessarily  limited  to)  the  following 
quantities:  gas  temperature,  surface  temperatures,  fuel  burning  rate, 
radiation,  gas  velocity,  gas  specie  production. and  concentrations,  and  smoke 
production.  Current  fire  modeling  methodologies  can  be  divided  into  four 
categories: 

A.  Overall  Modeling  Methodologies 

These  methodologies  are  usually  applied  to  the  total  fire  scenario  and 
are  intended  to  predict  the  overall  progress  of  the  fire  ar.d  its  inter¬ 
actions  with  the  environment.  There  are  three  overall  methodologies: 

(i)  Global  Models.  These  predict  the  overall  bounds  of  fire  develop¬ 
ment  by  application  of  global  gas  specie,  momentum  and  energy 
balances;  but  they  cannot,  in  genera >,  predict  the  detailed  progress 
and  characteristics  of  the  fire.  JPL's  Limiting  Energy  Release 
Criteria  and  the  analysis  utilized  in  Boeing's  interior  materials 
fire  test  methodology  are  examples  of  global  models. 

(ii)  Zone  Models.  Zone  models  predict  the  progress  of  a  fire,  but  usually 
require  considerable  empirical  information  (burning  rates,  specie 
evolution,  entrainment  rates,  flame  heights,  etc.)  for  application. 
The  zone  modeling  methodology  has  undergone  considerable  development 


in  recent  years  and  experimental  evaluation  is  presently  underway. 


In  general,  however,  the  applicability  of  this  approach  has  not  yet 
been  adequately  analyzed.  It  should  also  be  noted  that  the  success 
of  the  zone  modeling  approach  is  dependent  upon  the  ability  to  define 
meaningful  zones  In  a  given  fire  enviornment.  Zone  models  have  been 
developed  at  McDonnell -Douglas  (CHI),  Dayton  Research  Institute  (DACFir;), 
National  Bureau  of  Standards,  Harvard  (Computer  Fire  Code)  and  Illinois 
Institute  of  Technology  (RFIRES). 

( i i i )  Detailed  Field  Models.  These  are  intended  to  describe  in  detail 

the  flow  field,  temperature  and  specie  distributions,  energy  transport 

< 

and  burning  rates  in  the  fire  environment.  Physical  and  chemical 
fire  phenomena  and  the  description  of  the  local  environment  affected 
by  those  pheneomena  are  mathematically  described  by  appropriate  con¬ 
servation  equations.  However,  limited  work  has  been  carried  out  in 
this  area  due  to  the  lack  of  fundamental  information  on  turbulent 
combustion,  radiation,  thermochemical  and  thermophysical  data,  and 
inherent  computational  complexities.  Detailed  field  models  have 
been  or  are  presently  being  developed  at  the  University  of  Notre 
Dame  (UNDSAFE)  and  at  JPL  (EFDM) . 

B.  Detailed  Laboratory  Scale  Modeling 

This  modeling  methodology  is  associated  with  small-scale  experiments  or 
test  methods  and  is  utilized  to  describe  and  interpret  observed  materia i : 
responses  to  a  specified  fire  loading.  Such  modeling  is  necessary  in 
order  to  provide  basic  information  on  material  properties  for  design  ana 
as  an  input  to  full-scale  models.  In  addition,  laboratory-scale  modeling 
can  assist  in  the  interpretation  of  small-scale  test  results  in  terms  of 
the  full-scale  fire  environment. 
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C.  Physical  Scale-Modeling 

Physical  fire  modeling  comprises  the  geometric  scaling  of  a  partied-- 
fire  scenario  such  that  appropriate  dimensionless  parameters  remain 
constant.  In  this  manner,  reduced-scale  experiments  may  be  conducted 
and  measured  phenomena  related  to  the  full-scale  situation  through 
derived  scaling  relationships.  Pressure  modeling  and  Froude  modeling 
are  examples  of  this  methodology. 

D.  Empirical  Correlation 

This  methodology  utilizes  small-scale  test  data  to  predict  the  relative 
performance  of  materials  in  a  given  full-scale  fire  situation.  The 
technique  involves  determination  of  the  appropriate  mathematical  treat¬ 
ment  or  weighting  for  small-scale  data  which  will  then  correctly  correlate- 
materials  performan-e  with  measured  full-scale  results.  To  date, 
empirical  correlation  methodologies  have  not  yet  been  successful  in 
characterizing  the  burning  characteristics  of  aircraft  interior  materials. 
Justification 

Consideration  of  the  above-described  state  of  fire  modeling  technology  has 
led  to  several  important  conclusions : 

A.  The  applicability  of  existing  zone  models  in  terms  of  user  needs  has  not 
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yet  been^  establ  l  shod  although  this  methodology  has  undergone  the  most 
development. 

B.  Detailed  field  ana  laboratory-scale  models  are  still  in  the  early  stage*, 
of  development.  Thus,  further  development  is  necessary  in  order  to 

a  practical,  working  rr-tr jJology .  Also,  a  successful  detailed  modeling 
methodo! ogy  presumably  would  then  provide  more  detailed  information  and 


C.  Fire  modeling  efforts  to  date  have  emphasized  enclosure  fires.  However, 
the  primary  aviation  fire  hazard  is  the  post-crash  fuel  fire  which 
enters  the  fuselage  via  an  opening  and  then  spreads  through  the 
interior.  Thus,  there  is  a  need  for  new  models  which  describe  the 
external  fuel-pool  fire  adjacent  to  the  fuselage. 

D.  Successful  extrapolation  of  small-scale  test  data  to  predict  full- 
scale  fire  performance  has  not  yet  been  achieved.  Thus,  development 
of  methodologies  which  will  aid  in  the  appropriate  interpretation 

of  small-scale  test  methods  is  needed. 


III.  OBJECTIVES 

The  overall  objective  of  this  Fire  Modeling  Technology  Plan  is  to 
develop  analytical  and  experimental  methods  for  use  in  aircraft  design  and 
testing  to  reduce  the  post-crash  fire  hazard.  Specific  objectives  developed 
in  response  to  previously  discussed  needs  are: 

1.  Determine  the  capabilities  of  existing  modeling  methodologies  relative  to 
user  needs;  and  accelerate  activities  to  Improve  these  methodologies  with 
regard  to  the  stated  needs. 

2.  Develop  a  detailed,  analytical  fire  dynamics  model  that  will  describe  the 
post-crash  fire  scenario;  and  develop  other  new  modeling  methodologies 

as  required. 

3.  Determine  the  capabilities  of  existing  small-  and  large-scale  test  methods 
for  model  application. 

4.  Develop  and  refine  appropriate  test  methodologies  which  can  be  used  with 
models  to  give  well  defined  predictive  capabilities. 

5.  Develop  hazard  evaluation  modeling  methodologies. 
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IV.  APPROACH  AND  IMPLEMENTATION 

This  section  details  the  approach  to  be  followed  in  implementing  and  carry¬ 
ing  out  the  Fire  Modeling  Technology  Plan.  The  Plan  is  divided  into  six  phases 
as  described  below  and  in  the  attached  Milestone  Chart  and  Flow  Diagram.  Phase 
1  has  been  substantially  completed  by  JPL  during  the  planning  process  and  the 
resulting  Fire  Modeling  Technology  Requirements  are  presented  here  in  detail. 

In  the  presentation  of  Phases  2  through  5,  the  approach  and  recommendations  for 
Implementation  of  the  plan  are  presented. 

PHASE  1:  Fire  Modeling  Technology  Requirements 

This  phase  presents  fire  modeling  technology  needs  in  terms  of  model 
predictive  capabilities  and  scenarios,  and  corresponding  small-  and  large-scale 
test  capabilities.  These  findings  have  been  based  upon  consideration  of  pcrtinen 
fire  phenomena  and  the  burning  response  of  materials  to  those  phenomena  and 
identification  of  appropriate  fire  scenarios.  A  summary  of  inputs  from  in¬ 
dustry  and  government  which  formed  the  basis  for  these  requirements  is  given 
in  the  Appendix. 

A.  Models 

(i)  Overall  Modeling  Methodologies.  A  broad  overall  modeling  methodology 
Is  needed  to: 

a.  Evaluate  Design  -  The  designer  needs  to  run  sensitivity  or  para¬ 
metric  analyses  for  end  design  confi motion.  The  model  must  be 

capable  of  evaluating: 

(1)  material  types/combinations ; 

(2)  material  locatfon/orientaticn; 

(3)  Interior  geometries;  end 

(4)  ventiliation  characteristics; 

for  the  post-crash  external  fuel  fire  scenario. 


b.  Assist  large-scale  test  programs  -  Modeling  will  aid  in  planning 
test  protocol  and  instrumentation. 

c.  Predict  Localized  Phenomena  -  The  overall  modeling  methodology 
should  predict  the  following  quantities: 

(1)  temperatures; 

(2)  heat  flux; 

(3)  toxic  gas  concentrations; 

(4)  smoke  concentration; 

(5)  flame  propagation;  and 

t 

(6)  flashover  potential 

Finally,  specific  reconnendations  for  the  development  of  an  overall 
modeling  methodology  are: 

a.  Improvement  of  existing  methodologies. 

b.  Development  of  a  detailed  post-crash  fire  modeling  methodology. 

c.  Development  of  other  “new"  models  as  identified  in  Phase  3. 

Note  also  that  the  development  of  an  overall  modeling  methodology  will  re¬ 
quire  inputs  from  small-scale  testing  and  modeling  as  indicated  below.  In 
puts  which  may  be  required  include  initial  conditions,  flame  spread 
characteristics,  specie  generation  and  heat  release. 

(ii)  Small-Scale  Test  Modeling.  This  methodology  is  needed  to  interpret 
small-scale  test  results  In  terms  of  actual  fire  conditions  and  to 
provide  Input  components  for  overall  modeling  methodologies.  To  achi 
these  objectives,  specific  needs  for  small-scale  modeling  are: 

a.  A  model  for  the  OSU  chamber  test  environment  is  needed,  as  this 
apparatus  has  been  identified  by  SAFER  as  the  most  promising  test 
method  for  development  into  a  regulatory  tool. 

b.  A  modeling  methodology  to  predict  flame  spread  is  needed  in  con¬ 
nection  with  the  development  of  a  new  flame  spread  test  method 
(see  Experimental/Testing  Requirements) . 

A-  !  1  ' 


c.  Valid  scaling  relationships  are  needed  for  reduced-scale 
physical  modeling  experiments. 

d.  Empirical  correlation  of  small-scale  test  data  with  full-scale 
results  is  needed  so  that  appropriate  materials  screening  and 
certification  methods  can  be  developed.  Such  an  effort  could  be 
conducted  in  response  to  short-term  needs  for  appropriate  material 
test  methods;  and  a  program  to  accomplish  this  specific  task  has 
been  proposed  by  others. 

Experimental/Testing 

(i)  Full-Scale  Testing.  Full-scale  tests  are  needed  to  simulate  the  post¬ 
crash  external  fuel  fire  and  the  response  of  cabin  interior  materials 

to  that  fire  In  order  to: 

a.  Validate  model  results. 

b.  Validate  sma)l-scale  modeling  and  testing  results. 

(ii)  Small-Scale  Testing.  Small-scale  testing  is  needed  for  : 

a.  Small-scale  modeling  validation. 

b.  Direct  input  to  overall  modeling  methodologies. 

c.  Formulation  and  validation  of  scaling  relationships. 

d.  Development  of  empirical  correlations. 

Specific  needs  to  accomplish  small-scale  testing  objectives  are: 

a.  Obtain  OSU  Chamber  test  data. 

b.  Develop  flame  spread  test  and  data. 

c.  Determine  materials '  thermochemical  and  thermophysical  prop. .  tie: 
for  detailed  modeling  methodologies. 

d.  Continue  development  of  reduced-scale  (physical)  modeling. 


C.  Hazard  Evaluation 


Modeling  methodologies  which  will  combine  toxicological  and  physiological 

models  with  testing  to  predict  the  “time  available  for  evacuation'*  are 

needed.  Such  methodologies  would  take  into  account  temperature,  toxic  gas 

concentrations,  smoke  density,  heat  flux,  etc.  Plans  for  the  development  of 
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hazard  evaluation  methodologies,,  have  been  initiated  in  the  SAFER  committee 

and  will  not  be  discussed  here  In  detail. 

D.  Technical  Working  Group  (TWG) 

It  is  recommended  that  a  technical  working  group  be  established  to  direct 
and  coordinate  the  implementation  of  Phases  2  through  6  of  this  Plan.  Tne 
TWG  would  be  composed  of  representatives  from  government  (FAA,  NASA,  NES) 
and  Industry  (airframe  manufacturers,  airlines)  to  insure  that  modeling 
technologies  are  developed  with  specific  regard  for  user  needs.  This 
group  would  monitor  progress,  evaluate  methodologies  and  make  recommendations 
to  achieve  this  goal. 

PHASE  2:  Applications  Evaluation  -  Existing  Technology 

A.  Assemble  information  on  the  capabilities  of  existing  models  and  test  fa¬ 
cilities  for  model  validation.  In  this  regard,  Figures  1  and  2  are  provided 
as  examples  of  information  required  to  carry  out  this  Phase. 

B.  Determine  Capabilities  and  Limitations  -  Determine  what  existing  models  can 
or  cannot  predict  for  user  application. 

C.  Evaluate  Existing  Test  Facilities 
(i)  Large-Scale 

a.  Measurements  -  Assess  relevance  of  measured  quantities. 

b.  Scenarios  -  Determine  applicable  scenarios. 

c.  Test  Methods  -  Assess  procedures  and  measurement  techniques. 

d.  Input/Output  Evaluation  -  Evaluate  test  approach. 


(ii)  Small-Scale 

a.  Measurements  -  Assess  relevance  of  measured  quantities. 

b.  Test  Methods  -  Assess  procedures  and  measurement  techniques. 

c.  Input/Output  Evaluation  -  Evaluate  test  approach. 

d.  Full-Scale  Application  -  Assess  relevance  to  full-scale. 

e.  Utilization  Aspects  -  Determine  test  apparatus  availability 
and  effort  required. 

D.  Evaluate  Existing  Models 

(i)  Theoretical  Application  -  Assess  the  methodologies  employed  in  modeling 
physical  and  chemical  phenomena. 

(ii)  Experimental  Evaluation  -  Compare  model  predictions  with  experimental 
data. 

(iii)  Input/Output  Evaluation  -  Evaluate  modeling  approach  in  terms  of  knowledg 
gained  for  a  given  set  of  inputs. 

(iv)  Utilization  Aspects  -  Evaluate  model  availability,  ease  of  imple¬ 
mentation  and  computer  requirements. 

E.  Obtain  New  Data 

When  necessary  new  test  data  and/or  model  results  will  be  obtained  to  carry 
out  this  Phase.  Figures  3  and  4  indicate,  schematically,  existing  data  and 
planned/potential  new  data  which  might  be  utilized  for  purposes  of  evaluation 
in  Phase  2. 

PHASE  3:  Recormendat ions  for  Further  Development  and/or  Refinement 

A.  Existing  Models  -  Identify  existing  models  for  further  development  and  re¬ 
finement. 

B.  New  Models  -  Determine  what  n<_.  'els  are  required  to  meet  objectives 
and  requirements. 


C.  Large-Scale  Testing  -  Identify  large-scale  test  program  needs  for  model 
applications. 

D.  Small-Scale  Testing  -  Identify  needs  for  new  or  modified,  small-scale  test 
methods. 

E.  Output  -  Identify  modeling  and  testing  methodologies  which  have  Immediate 
applications  in  terms  of  user  needs.  This  may  include:  working  models  with 
specific  applications,  scaling  relationships,  empirical  correlations  and 
validation  testing. 

PHASE  4:  Further  Development  and  Refinement 

A.  Refine  Existing  Models  Identified  for  further  development. 

B.  Develop  a  Detailed  Fire  Dynamic  Model  for  the  post-crash  fire  scenario. 

C.  Develop  other  new  model (s)  previously  Identified  as  necessary  to  meet  ob¬ 
jectives  and  requirements. 

D.  Develop  or  refine  test  capabilities  as  necessary  to  meet  objectives  and  re¬ 
quirements. 

PHASE  5:  Applications  Evaluation  -  Modified  and  New  Methodologies 

A.  Assemble  Information  -  As  in  Phase  2. 

B.  Determine  Capabilities  and  Limitations  -  As  in  Phase  2. 

C.  Evaluate  Test  Facilities  -  As  in  Phase  2. 

D.  Evaluate  Models  -  As  in  Phase  2. 

PHASE  6:  Identify  Methodologies 

Appraise  the  status  of  fire  modeling  technology.  Identify  modeling  methodologies 
which,  when  utilized  with  developed  test  methods,  have  definitive  applications 
in  terms  of  user  needs.  These  methodologies  should  include:  working  models, 
scaling  relationships,  and  empirical  correlations;  and  small-  and  large-scale 
test  methods. 


V.  Modeling,  Testing  and  Design  Interactions 

During  the  entire  Fire  Modeling  Technology  program  there  should  be  close 
coupling  and  interactions  between  the  activities  associated  with  modeling, 
hazard  evaluation,  experimental/testing  and  existing  aircraft  design  and 
design  methods.  This  coupling  is  indicated  schematically  in  the  Plan 
Schematic  on  the  back  page;  however  many  more  Interactions  (vertical  connectors) 
than  those  indicated  should  take  place  during  the  various  phases  of  the  program. 
Also,  the  establishment  of  the  Technical  Working  Group  is  intended  to  assist 

f 

In  furthering  these  interactions. 


JIT  PROPULSION  LABORATORY 


EXISTING  MODELING  CAPABILITIES 
(EXAMPLE) 
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PHASE  2  i 

EXISTING  LARGE-SCALE  TEST  CAPABILITIES 
FOR  MODEL  VALIDATION 
(EXAMPLE) 


P  -  POTENTIAL  CAPABILITY 
F  -  FORCED  VENTILATION 
N  -  NATURAL  VENTILATION 


PHASE  2 

APPLICATIONS  EVALUATION: 
EXISTING  DATA 


FIGURE  3 


PHASE  2 

APPLICATIONS  EVALUATION:  PLANNED 
AND  POTENTIAL  NEW  DATA 


PROPOSEO 


AIRCRAFT  FIRE  MODELING  TECHNOLOGY  PLAN 
DEFINITION  OF  REQUIREMENTS 
SUMMARY  OF  INPUT 
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DEFINITION  OF  REQUIREMENTS 
SUMMARY  OF  INPUT 


(QUANTITATIVELY)  HAZARD.  (DOUGLAS,  LOCKHEED,  BOEING,  AMES,  NAFEC) 

PASSENGER  CARRY-ON  ITEMS  AND/OR  AIRLINE  ACCESSORIES  SHOULD  BE  CONSIDERED  IN 
SCENARIO.  (LOCKHEED,  NAFEC) 
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5.0  Testing 

As  discussed  in  the  foregoing,  much  of  the  activity  in  testing 
involves  standardized  laboratory  testing  and  large  scale  tests 
for  empirical  predictive  purposes.  As  these  are  covered  in 
detail  in  other  sections  of  this  report  as  well  as  outside  of 
this  R&D  sub-group,  only  a  few  summary  observations  are  made 
here. 

At  the  Subgroup  R&D  Review  Meeting  held  August  13-14,  1979, 
several  conclusions  were  reached  regarding  full-scale  and 
laboratory  testing  of  aircraft  cabin  materials.  These  were  as 
follows: 

1.  Full-scale  and  mockup  testing  are  required  because 
there  is  a  lack  of  reliable  predictive  methods- 

2.  Laboratory  and  full-scale  test  correlation  with 
accident  performance  needs  extensive  development. 

3.  Correlation  of  laboratory  tests  with  full-scale 
tests  requires  further  effort. 

The  recommendations  of  the  subgroup  are  the  following: 


v 


1.  Continue  C133  full-scale  tests  at  NAFEC.  These 


tests  should  utilize  an  agreed  upon  fire  scenario  and 
be  completed  in  approximately  2  years.  Additionally, 
the  test  program  should  include  advanced  material 
tests  after  testing  of  contemporary  materials  is 
completed. 

2.  Mockup  test  configurations  should  be  defined 

and  the  validity  verified.  This  type  of  test  is 

( 

less  expensive  to  conduct  and  provides  more  rapid 
turn-around  times. 

3.  Further  effort  should  be  expanded  to  correlate 
laboratory  tests  with  full-scale  and  mockup  tests. 

The  Ohio  State  Apparatus  shows  promise  of  providing 
correlation  with  additional  work.  Laboratory  methods 
for  measuring  toxic  gases  do  not  currently  correlate  with 
full-scale  test  results  and  require  further  work.  Part 
of  this  effort  should  be  conducted  as  an  ASTM  activity 
after  the  tests  are  proven  to  be  valid  indicators  for  at 
least  ranking  the  various  materials  regarding  their 
relative  hazards. 

6.0  Toxicity 

The  relative  significance  or  insignificance  of  a  toxicological 
risk  or  hazard  associated  with  the  evolution  of  toxic  combustion 
products  from  cabin  materials  during  a  post- crash  fire  as  com¬ 
pared  to  the  hazard  of  heat  and  flames  has  not  been  established. 


A 


The  determination  of  the  "overall"  hazard  (smoke,  heat,  toxicity, 
flame  spread,  etc)  and  the  significance  of  each  factor  relative 
to  escape  will  require  considerable  research  and  should  be 
supported. 

Whixe  recognizing  the  complexity  of  the  hazard  assessment  problem 
md  that  the  significance  of  each  factor  is  unknown,  it  is  clear 
that  a  toxicity  hazard  research  program  is  required  to  assess 
the  combustion  product  toxicity  problem.  In  fact,  the  proposed 
program  interfaces  directly  with  cabin  design  (mathematical 
modeling)  which  may  provide  insights  into  the  significance  of 
the  various  factors  that  contribute  to  the  overall  hazard.  In 
any  event,  it  is  recognized  that  the  following  proposed  toxi¬ 
city  research  program  presented  below  may  not  be  the  limiting 
factor  in  post-crash  survival  and  escape  from  a  burning  aircraft. 

The  proposed  toxicity  program  was  developed  around  4  tasks. 

They  are:  1.  Fire  scenarios, 

2.  Time  of  exposure,  incapacitation  and 
post-crash  effects, 

3.  Toxicity  data  and  cabin  design,  and 

4.  Relationship  of  data  obtained  on 
rodents  to  human  response. 

The  following  program  addresses  the  tasks  in  sequence  as  listed. 
However,  it  should  be  noted  that  the  last  3  tasks  and  proposed 
programs  are  not  independent  of  one  another  and  in  fact  some  of 


the  tasks  appear  more  than  once.  Dates  are  listed  for  completion 
of  the  various  phases  or  tasks.  Meeting  these  milestones  is 
obviously  dependent  on  resource  availability  and  priority  given 
them  by  various  federal  agencies  and  as  such  are  subject  to 
change . 

6.1  Fire  Scenarios 

Very  little  time  was  spent  on  the  selection  of  a  most  probable 
fire  scenario  or  scenarios  since  this  is  described  above  in 
Section  3.0  on  Criteria  for  Design.  However,  it  should  be 
recognized  that  the  selection  of  a  scenario  will  have  an 
influence  on  the  combustion  source  used  to  generate  combustion 
products  and  perhaps  the  type  and  degree  cf  toxicity  obtained. 

As  a  result,  research  needs  are  listed  under  the  scenario  task 
that  are  relevant  to  the  combustion  model. 

From  a  combustion  toxicology  perspective,  the  objective  of  the 
scenario  group  is  to  specify  a  post-crash  fire  scenario  in  order 
to  design  a  relevant  combustion  model  for  assessing  the 
combustion  of  cabin  materials.  Selection  of  a  most  probable 
scenario  is  critical  since  there  are  many  possible  fire 
conditions . 

From  a  review  of  the  state-of-the-art  on  combustion  product 
toxicology  hardware  for  generation  of  degradation  products,  it 
would  be  desireable  to  develop  a  radiant  heat  source  load  cell 
system  that  is  compatible  with  an  animal  exposure  model  that 


is  representative  of  the  desired  scenario.  Such  a  system  would 
provide  a  surface  radiant  exposure  that  a  cabin  material  might 
experience  during  a  fire  and  simultaneously  provide  the  amount 
of  material  degraded  for  expressing  the  dose  of  toxic  products 
to  which  the  anima-s  are  exposed.  The  system  must  also  provide 
the  flexibility  of  doing  flaming  and  non- flaming  decomposition 
of  a  broad  range  of  materials  (thermo  plastics,  char  formers, 
composites,  etc.).  Such  a  system  would  need  to  be  validated 
with  large  scale  fire  analytical  and  toxicological  experiments. 
These  large  scale  experiments  should  be  used  for  mathematical 
model  research  discussed  later  (issue  3).  Chemical  analysis 
for  quantitative  measurement  of  species  should  be  included. 

It  is  estimated  that  the  development  of  a  radiant  heat  system 
compatible  with  an  animal  model  could  be  done  by  the  end  of 
1981  and  the  large  scale  validation  by  mid  1983. 

6.2  Time-Exposure,  Incapacitation  and  Post-Exposure  Effects 
The  objective  of  this  tash  is  to  develop  an  incapacitation  model 
that  is  relevant  to  escape  potential.  The  animal  model  should 
also  be  predictive  of  post-exposure  physiological  damage 
although  this  was  not  given  a  high  priority. 

The  time-exposure  period  equivalent  to  escape  time  from  an  air¬ 
craft  of  2  minutes  is  unrealistic  for  animal  toxicity  studies. 
Such  short  exposure  periods  will  result  in  data  with  a  great 
deal  of  scatter  due  to  respiratory  rate  changes. 


concentration 


variability,  etc.  Consequently,  exposure  times  of  at  least 
15  minutes  and  preferably  30  minutes  will  have  to  be  used  and 
the  results  extrapolated  back  to  time  intervals  of  interest 

The  state-of-art  in  animal  incapacitation  models  for  use  in 
combustion  product  toxicology  is  limited  to  rodents.  The 
relationship  of  these  models  to  human  ability  to  escape  from  the 
fire  scene  is  poorly  understood  if  at  all  (see  task  3,  section 
6.4).  Secondly  the  models  provide  little  additional  information 
that  is  not  obtained  from  lethality  measurements.  Thirdly, 
the  relevance  of  the  models  to  the  broad  range  of  toxic  product 
produced  in  the  fire  environment  is  unknown  For  example,  the 
relevance  of  rodent  (obligatory  nose  breathers)  toxicity  data 
for  the  acid  gases  to  human  response  is  very  questionable  based 
on  recent  experience.  To  resolve  these  quest  ions .  three  studies 
are  proposed. 

1.  develop  time-concent  ration  effect  curves  for 
longer  than  2  minute  time  periods  and  extrapolate  to 
shorter  times  and  respective  toxic  gas  concent jt ations . 

This  includes  doing  pure  gas  studies  as  a  function  of 
time  and  concentration.  Development  of  mathematical 
models  of  time-concentration  effect  curves  will  allow 
this  to  be  done  with  reasonable  confidence.  It  is 
anticipated  that  the  experiments  noeor sa’-y  ter 
developing  such  a  model  could  be  completed  by  mid  1^84. 


2.  develop  a  broader  based  program  on  escape  models 
using  different  animal  species.  A  detailed  analysis 
of  existing  incapacitating  models  and  behavioral 
toxicology  is  a  first  step  toward  a  resolution  of 
this  issue.  This  is  most  likely  a  5  year  project- 
complete  by  end  of  1985. 

3.  develop  acid  gas  toxicity  data  on  non-rodent 
animal  species  to  determine  the  hazard  due  to  acid 
gases  and  the  relevance  of  rodent  data.  This  may 
require  a  non-lethal  primate  study  (section  6.4). 

This  could  be  completed  by  1964. 

Acid  gases  are  emphasized  due  to  the  fact:  (1)  it  appears  that 
rodents  tolerate  high  concentrations  of  such  gases,  (2)  rodents 
represent  an  animal  model  not  comparable  to  humans  and  (3) 
many  of  the  polymers  for  aircraft  applications  give  off  acid 
gases . 

6.3  Toxicity  Data  and  Cabin.  Dcnlcm 

The  objective  is  to  develop  the  methodology  tor  assessing  the 
fire  hazard  or  risk  for  a  qrvn  cabin  design  that  takes  i  nto 
account  ignitability ,  f  i  ante  spread,  heat  release  toxicity, 

smoke,  etc. 

T.i  the  past  a  test  method  has  been  do -eloped  for  the  fire 
performance  of  each  part  of  the  problem.  This  includes 
ignitability ,  flame  spread,  etc.  No  method  has  been  developed 


to  assess  the  overall  hazard  or  relative  importance  of  each 
factor.  Similarly,  the  use  of  toxicity  data  on  various  materials 
and  rank  ordering  of  these  materials  from  least  toxic  to  most 
toxic  may  be  inappropriate  as  a  means  for  selecting  materials. 

The  question  is  how  does  one  incorporate  toxicity  data  into  risk 
and  fire  modeling?  Large  scale  fire  toxicity  measurements .  for 
example,  are  of  limited  value,  expensive  and  in  most  cases 
difficult  to  interpret.  Heat  stress  may  be,  the-  most  significant 
factor  in  such  tests  especially  if  rodents  are  the  animal  of 
choice. 

The  research  program  suggested  for  reaching  this  objective 
consists  of  3  steps: 

1.  develop  toxicity  data  on  various  mateiials 
and  pure  gases  in  small  scale, 

2.  develop  methematical  models  that  utilize 
data  in  step  1  above  and 

3.  design  large  scale  experiments  to  validate 
the  model. 

In  stop  1  toxicity  information  includes  the  identification  of 
primary  toxicant(s),  concentration  or  yield  of  primary  toxi¬ 
cological  results  must  be  verified  with  pure  gas  studies. 

The  second  and  third  step  could  perhaps  be  combined  based  on 
the  otatc-of-the-art  in  mathematical  modeling.  This  requires 
the  design  of  large  scale  fire  experiments  with  appropriate 


measurement  of  temperature  or  heat  flux  and  rate  of  generation 
or  time-concentration  of  primary  toxicant(s)  on  materials 
evaluated  in  step  1.  After  analytical  validation  of  the  model, 
animal  exposures  would  be  needed  as  final  verifications.  This 
would  require  about  6  years,  and  perhaps  could  be  completed 
for  selected  materials-cabin  design-fire  scenarios  by  end  of 
1986. 

6.4  Relationship  of  Data  Obtained  on  Roderrts  to  Human  Response 
The  objective  of  this  task  is  to  develop  toxicological  data 
that  is  relevant  to  human  response.  It  should  be  recognized 
that  other  fields  of  toxicological  research  rely  heavily  on 
animal  data  and  in  many  cases  on  rodent  data.  However,  it 
should  also  be  noted  that  many  of  these  areas  of  toxicology 
follow-up  or  develop  human  data  either  directly  or  through 
epidemological  studies.  This  is  not  to  suggest  that  human 
studies  be  done  but  to  emphasize  the  need  for  caution.  However, 
every  available  effort  should  be  made  to  carryout  good  post¬ 
mortem  studies  on  crash  fire  victims. 

There  are  2  parts  to  the  toxicological  problem  or  two  modes  of 
incapacitation.  They  are  through  adverse  physiological  effects 
and  through  adverse  behavioral  effects.  The  physiological  effects 
are  monitored  by  measurements  of  EKG ,  EEG,  COHb,  respiratory 
function,  motor  incapacitation,  etc.  Furthermore,  physiological 
measurements  on  rats  are  likely  to  be  fairly  predictive  of 


human  physiological  response  to  combustion  product  toxicity. 

Even  if  the  animal  of  choice  is  different,  the  physiological 
response  can  be  approximated  by  relative  mass  relationships. 

It  is  suggested,  however,  that  the  pulmonary  irritants, 
especially  the  acid  gases  may  be  an  exception  due  predominately 
to  the  difference  in  respiratory  physiology.  That  is,  a  human 
is  lively  to  breath  through  his  mouth  in  the  presence  of  acid 
gases . 

t 

Behavioral  effects  that  interupt  rational  thought  processes 
could  occur  at  sublethal ,  subphysiological  effect  levels  that 
may  also  prevent  escape.  The  rodent  models  are  likely  to 
provide  little  if  any  insights  into  this  problem. 

It  is  proposed  that  any  animal  model  may  be  developed  to  address 
the  escape  potential  rather  than  incapacitation.  This  could  be 
a  rodent  model  but  is  limited  to  physiological  aspects  of  the 
problem. 

The  behavioral  aspects  should  be  studies  with  a  sublethal 
primate  program.  This  program  must  be  well  defined,  designed 
to  answer  specific  questions  regarding  behavior. 

Both  parts  of  this  task  could  be  completed  bv  it  en*.  _>f  1985. 
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R.  Anderson 
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- 
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SAFER  Interior  Materials  R  &  D  Subgroup 
March  3,  1980 
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Organization 


Phone 


R.  W.  Bricker 
Dane  Russo 
R.  G.  E.  Furlonger 
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British  Embassy 
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JPL 

JPL 
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JPL 

JPL 

NASA  (Ames) 

Econ,  Inc. 

JPL 

NASA  Hadqrs. 

DuPont 

Product  Safety  Corp. 
FAA,  CAMI 
FAA  Hdqrs. 

Douglas  Aircraft 
Lockheed,  Calif. 
Douglas  Aircraft 
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202-426-2605 
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NASA 
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Roy  A.  Anderson 
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Demetrius  Kourtides 

NASA  -  Ames 

415-965-5226 

Domenick  E.  Cagliostro 

NASA  -  Ames  , 

415-965-6190 
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REPORT  OF  THE  AIRCRAFT  ACCIDENT  STATISTICS  SUB-GROUP 


Introduction 


At  Che  June  1979  meeting  of  the  SAFER  Technical  Group  on  Compartment 
Incerior  Materials,  a  sub-group  was  created  to  review  aircraft  accident 
statistics  as  they  relate  to  survivabie  post-crash  fires  (hereinafter 
referred  to  as  fires).  This  sub-group  was  charged  to  study  fatality 
statistics,  to  up-date  the  pertinent  service  record,  and  to  develop  the 
scenarios  by  which  people  die  in  fires. 

During  the  months  following,  an  effort  was  made  to  identify  those 
incidents  which  fell  within  the  scope  of  this  technical  group.  3y  written 
communication,  the  sub-group  provided  some  reed-back  as  to  proper  identi¬ 
fication  of  incidents  and  probable  sequence  of  events.  This  resulted  in 
a  list  cf  aircraft  accidents  involving  fire  in  which  there  were  survivors 
and  fatalities.  This  list  was  circulated  to  the  sub-group  prior  to  the 
meeting  held  on  February  21,  1980  (see  attached  attendance  list). 

Although  this  sub-group  was  charged  with  studying  statistics,  at  the 
outset  it  was  apparent  that  statistics  pertained  to  numbers  and  percentages 
and,  until  scenarios  could  be  defined,  the  impact  of  changing  cabin  interio 
materials  could  not  be  assessed.  Therefore,  the  only  direction  in  which 
the  sub-group  could  move  was  to  review  available  data  (incident  reports) 
and  attempt  to  develop  the  scenarios. 

The  boundaries  within  which  this  review  was  to  be  made  were  defined 
as  follows: 


U.S.  carriers 

Jet-type  aircraft 

Commercial  or  charter 

Passenger  carrying 

Survivabie  crashes  involving  fire 

Cabin  interior  material?' 

It  would  be  expected  that  the  benefits  gained  from  the  SAFER  actlvitie 
would  impact  on  those  areas  cf  air  transport  outside  these  boundaries. 

Review  of  available  data 

Most  of  the  data  examined  within  the  boundaries  defined  above  invol 
accidents  with  aircraft  certified  prior  to  the  current  FAR  25.851  require¬ 
ment-.  imposed  in  1968;  it  must  be  remembered  chat  FAR  25.853  is  a  flammabii 
requirement  applicable  only  to  aircr.it  r  cabin  interior  materials.  The  iota 
reporting  systems  current ’ v  in  use  do  not  Jiff  c rent  late  between  fuel  and 
m  .a,  tires;  however,  the  imp  lie  a :  Lon  is  tn.it  a  tuel  fire  was  alwavs  pro 


Data  reporting  does  not  provide  information  needed  to  make  a  determination 
of  the  number  of  post-crash  fire-related  fatalities.  As  a  consequence. 
is  not  possible  to  make  a  determination  of  the  number  of  fatalities  due  t.- 
the  fuel  fire  or  due  to  a  fire  involving  cabin  interior  materials,  to  sav 
nothing  of  carry-on  materials. 

Even  though  the  cause  of  death,  exclusive  of  impact  or  burns,  may  be 
identified  (asphyxia  or  inhalation  of  superheated  air),  it  is  not  possible 
to  identify  the  source  of  the  toxic  gases  or  superheated  air.  Where  post¬ 
mortem  examinations  have  been  made,  there  have  been  disagreements  among 
pathologists  as  to  the  cause  of  death.  To  further  complicate  matters,  the 
pathologists  are  usually  not  aware  of  the  extent  of  impact  damage.  In 
addition,  the  National  Transportation  Safety  Board  investigating  team  must 
rely  on  local  medical  examiners  and  has  no  control  over  the  quality  of 
these  people. 

An  attempt  was  made  to  determine  the  most  usual  scenario(s)  based  on 
the  data  available.  It  could  only  be  concluded  that  there  was  no  common 
scenario  defined  for  survivable  post-crash  fire  incidents  except  that  there 
was  an  intense  fuel  fire.  The  sequence  of  events  differed  in  every  accident 
and  the  factors  affecting  the  outcome  of  an  accident  varied  from  incident 
to  incident  with  no  common  thread.  To  support  the  contention  that  it  is 
practically  impossible  -to  define  scenarios,  the  sub-group  attempted  to  list 
some  of  the  variables  which  determine  the  outcome  of  an  accident. 

Where  the  fire  started 
When  the  fire  started 
Propagation  -  direction,  rate 
Wind  -  direction,  velocity 

Weather  -  temperature,  dev  point,  precipitation 

Fuel-type,  amount,  location 

Fuel  spill  -  slow,  pool,  amount 

Fuel  misting/vaporization 

Speed  at  time  of  impact  (survivable) 

Attitude  of  aircraft  upon  impact 
Terrain  -  mud,  rocks,  water 

Obstacles  struck  -  buildings,  other  aircraft 
Number  and  location  cf  openings  -  exits,  breaks 
Type  of  aircraft  -  wide  body,  narrow  body 
Engines  -  wing  pod,  aft  body  mounted 
Cargo  -  type,  quantity 
Number  of  passengers 

Passenger  make-up  -  handicapped,  aged 
Number  of  crew 

Traini'  ind  response  of  crew 

Even  though  ...  may  be  possible  to  identify  most  or  all  of  the  above 
variables,  the  number  of  possible  combinations  would  be  astronomical.  The 
in-depth  analysis  of  the  available  data  would  take  more  time  than  is  avail¬ 
able  to  the  SAFER  committee  and  would  probablv  not  provide  the  desired 

information. 


As  a  result  of  information  obtained  from  previous  incidents,  the 
air  transport  industry  has  made  improvements  in  design  and  in  operating 
procedures  to  eliminate  the  presumed  cause  of  the  incident  and  the  Federal 
Aviation  Administration  has  made  changes  in  regulations  requiring  the 
air  frame  manufacturers  to  make  changes  or  modifications  in  design.  It  I' 
is  incuitive  that  improved  cabin  ulterior  materials  would  reduce  fire 
fatalities;  however,  this  sub-group  cannot  attempt  to  define  the  needed  j 
improvement  nor  can  it  provide  an  estimate  of  the  degree  of  reduction  in p 
fatalities  which  would  be  expected. 

Conclusions 

1)  ''Statistics"  cannot  be  used  as  a  basis  for  making  determinations 
for  design  changes  in  ai rcraf t . 

2)  There  are  gaps  in  the  data  which  have  been  collected;  the  state- 
of-the-art  has  nut  enabled  some  of  these  gaps  to  be  filled. 

3)  There  are  insufficient  resources  to  thoroughly  investigate  each 
accident  by  having  all  areas  of  expertise  as  part  of  the  investi¬ 
gating  team.  At  the  time  of  investigation  it  is  not  always 
possible  to  determine  toe  sequence  of  events  leading  to  fatalities. 

4)  There  has  been  a  lack  of  pertinent  data  on  survivability  as  it 
relates  cc  fire  and  the  available  data  are  not  readily  retrievaole , 
which  could  facilitate  more  thorough  analysis  of  the  incident. 

5)  Fuel  has  beer,  invariably  involved  in  incidents  in  which  there 
were  fatalities. 

Recommendations 

1)  There  r.eeas  to  be  an  improvement  in  data  gathering.  The  ALA  and 
FAA  should  be  requested  to  work  with  NTSE  to  develop  a  more 
thorough  standard  It  on  investigative  report  format.  There  should 

be.  a  continuing  pr  •  cedurc  to  review  and  up-date  the  data  collection 
process.  Ccncorati tend;:,  there  snouid  be  an  improved  data  retrieval 
system  to  make  tin  data  available  to  more  people. 

2)  Existing  data  should  -  more  thoroughly  investigated,  vis-a-vis 
the  NASA  study. 

3)  Future  changes  in  resign  and  in  regulations  should  be 

re  complete  data  gat' tie  ring  and  analysis. 
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I .  Summary 


Several  mechods  for  reducing  Che  fire  hazard  in  a  post-crash  environment 
were  reviewed  to  determine  their  feasibility  and  potential  for  improving 
passenger  survivability.  These  methods  included  explosion  suppression 
systems,  fuel  tank  foam  or  foil,  fuel  tank  inerting,  crash-resistant  fuel 
tanks,  and  anti-misting  fuels.  None  of  these  methods,  at  their  present 
state  of  development,  are  feasible  for  commercial  aircraft  application  or 
offer  significant  advantages  over  present  methods  of  protection  such  as 
vent  flame  arrestors  and  assured  cutoff  of  the  fuel  supply  to  the  engine 
in  emergencies. 

Further  development  of  fuel  tank  inerting  methods  is  encouraged  to  reduce 
complexity  and  weight  and  improve  reliability  of  the  system. 

Anticipated  FAA/NASA  programs  to  investigate  factors  to  be  considered  to 
improve  the  crashworthiness  of  aircraft  is  expected  to  include  the  use  of 
crash-resistant  fuel  tanks.  At  the  present  time  they  appear  to  be  feasible 
in  fuselage  cargo  compartments  only. 

Anti-misting  fuels  appear  to  hold  the  most  promise  for  increasing  passenger 
survivability  by  reducing  the  fuel  fire  hazard  in  the  post-crash  environ¬ 
ment.  However,  much  development  testing  is  required  before  its  feasibility 
can  be  established. 

The  state  of  development  of  the  above  systems  is  not  sufficient  at  this  time 
to  warrant  modifying  regulations  which  would  require  their  incorporation. 
However,  it  is  suggested  that  the  FAA  consider  modifications  to  the  regula¬ 
tions  requiring  the  inclusion  of  fuel  tank  vent  protection  from  ground 
ignition  sources  and  assurance  of  engine  fuel  supply  cutoff  in  emergency 
situations . 
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II.  Introduction 


The  Technical  Group  on  Post-crash  Fire  Hazard  Reduction  was  formed  by  the 
SAFER  Committee  in  May  1979  and  was  assigned  the  task  of  investigating 
means  of  reducing  the  fuel  fire  hazard  for  transport  category  airplanes  in 
a  survivable  post-crash  environment.  The  assignment  included  an  evalua¬ 
tion  of  state  of  the  art  technology  for  existing  and  completed  research 
and  development  programs  in  terms  of  their  contribution  to  airplane  safety. 
Based  upon  this  evaluation,  the  group  was  asked  to  determine: 

1.  If  completed  R&D  program  results  warrant  rule  making  action 
or  the  publication  of  guidance  material; 

2.  If  existing  programs  should  be  continued,  redirected,  or  aborted; 
and 

3.  If  new  R&D  programs  should  be  initiated. 

To  implement  this  task,  experts  from  a  broad  group  of  government  and  industry 
organizations  were  invited  to  participate.  Approximately  50  people  repre¬ 
senting  airframe  manufacturers,  airline  operations,  government  agencies,  and 
equipment  suppliers  were  included  (Appendix  A). 

The  group  held  its  first  meeting  at  NAFEC  headquarters  in  Atlantic  City, 

New  Jersey  in  June  1979.  Various  means  for  reducing  the  fuel  fire  hazard 
were  proposed  and  discussed.  These  could  be  categorized  as: 

1.  Methods  of  eliminating  fires  inside  fuel  tanks  (e.g.,  inerting 
the  vapor  space,  installing  reticulated  foam  or  expanded  metal 
foil,  and  explosion  suppression),  and 

2.  Methods  of  eliminating  or  reducing  the  probability  of  external 
fuel  fires  (e.g.,  fuel  containment  and  anti-misting  additives 
in  fuels .  ) 

Since  these  concepts  represent  a  wide  range  of  specialized  solutions,  the 
task  was  broken  down  into  more  closely  related  subjects  and  assigned  to  the 
following  sub-groups  (Appendix  B) : 


1.  Explosion  Suppression,  Fuel  Tank  Foam/Foil,  and  Fuel  Tank  Inerting 
Chairman  H.  Skavdahl 

2.  Crash-Resistant  Fuel  Tanks  -  Chairman  J.  F.  Wignot 

3.  Anti-misting  Fuels  -  Chairman  A.  T.  Peacock 

This  summary  report  represents  the  results  of  their  efforts  and  has  been 
approved  by  a  majority  vote  of  the  technical  group. 


Ill .  Explosion  Suppression,  Fuel  Tank  Foam/Foil  and  Fuel  Tank  Inerting 
(Reference  1) 

Fuel  tank  fires  can  be  prevented  if  the  oxygen  concentration  in  the  vapor 
space  above  the  fuel  Is  maintained  below  combustible  limits.  Nitrogen 
purging  of  the  fuel  and  vapor  space  can  be  an  effective  means  of  accom¬ 
plishing  this  effect.  Such  a  system  is  currently  installed  on  all  C5A 
airplanes.  However,  the  system  involves  a  complex  network  of  valves, 
pressure  regulators  and  cryogenically  stored  nitrogen  which  represents  a 
significant  weight  and  economic  penalty  to  the  airplane.  The  problems  of 
storing  sufficient  cryogenic  nitrogen  for  a  complete  flight  plan  may  be 
alleviated  by  an  on-board  nitrogen  gas  generation  system  such  as  is  cur¬ 
rently  under  development.  However,  this  system  is  heavy  and  must  undergo 
much  more  development  testing  before  its  viability  for  production  instal¬ 
lations  can  be  considered. 

An  alternative  to  fuel  tank  inerting  is  the  installation  of  heat  reticu¬ 
lated  foam  or  expanded  metal  foil  in  the  fuel  tanks.  These  systems  have 
the  advantage  of  being  passive.  They  prevent  excessive  overpressures 
from  developing  and  eventually  completely  extinguish  any  fires  that  are 
generated  within  the  tank.  Foams  are  currently  being  used  effectively  in 
many  military  aircraft  used  in  close  support  of  ccmbat  troops  where  small 
arms  incendiary  projectiles  are  a  constant  threat.  For  civilian  aircraft 
it  is  difficult  to  justify  the  severe  weight  penalties,  impaired  normal 
fuel  tank  maintenance  activities,  and  additional  maintenance  problems 
created  by  foam  shredding  and  enhanced  bacterial  growth  probabilities  in 
water  accumulations  at  the  tank  bottoms. 

Much  of  the  foam  discussion  also  applies  to  expanded  metal  foils  in  fuel 
tanks.  Foils  do  have  the  advantage  of  a  significantly  higher  melting 
point  in  a  fire  environment  (1100°F  compared  to  360°F  for  foams).  However, 
they  are  semi-rigid  and  present  complex  structural  design  problems  which 
must  be  resolved  in  order  to  permit  access  to  fuel  tank  components  for 
service  and  maintenance. 
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Explosion  suppression  systems  are  used  in  seme  fuel  tank  applications  where 
the  tank  geometry  is  relatively  simple  and  direct  communicat ion  to  a  detector 

element  is  available.  The  basic  concept  for  this  system  is  to  sense  the 
flame  of  an  incipient  explosion  by  an  infrared  or  ultraviolet  light  detector 
and  discharge  a  fire  extinguishing  agent  to  quench  the  fire  before  a  hazardous 
overpressure  can  develop.  However,  numerous  studies  of  the  multi-celled 
fuel  tanks  in  today's  transports  have  shown  that  the  complexity  of  the 
installation  overrides  its  potential  value  because  of  the  numerous  detectors 
and  suppressors  required. 

The  above  methods  for  preventing  tank  fires  will  be  ineffective  in  accidents 
where  major  fuel  tank  rupture  has  occurred.  In  such  cases,  the  major  hazard 
is  the  external  pool  of  burning  fuel.  Some  degree  of  protection  would  be 
provided  where  minor  damage  occurs.  However,  the  attendant  external  fire 
would  be  far  less  severe  in  that  situation.  In  such  circumstances,  equiva¬ 
lent  protection  can  be  provided  by  a  simple  flame  arrestor  installed  in  the 
fuel  tank  vent  line  to  preclude  propagation  of  flame  down  the  vent  and  by 
systems  which  ensure  that  engine  fuel  is  shut  off  in  fire  emergencies. 

Direct  ignition  of  vapors  in  the  tank  by  conduction  of  heat  through  the  tank 
wall  is  unlikely  for  small  fires  inasmuch  as  the  vapor  space  oxidation  rate 
is  too  low  to  become  self-propagating.  Tests  at  NAFEC  have  shown  that  this 
condition  can  result  in  the  tank  self-inerting  as  the  oxygen  is  consumed 
by  the  slow  oxidation  process. 

The  above  systems  were  evaluated  in  terms  of  weight,  cost,  maintenance, 
reliability,  retrofit  capability,  and  effectiveness.  The  results  of  this 
evaluation  are  shown  in  Figure  1.  In  every  category  the  incorporation  of 
a  flame  arrestor  and  assumed  emergency  fuel  shutoff  to  the  engines  is  rated 
as  better  than,  or  equivalent  to,  the  more  complex  systems  currently  under 
discussion.  Of  the  more  complex  systems,  only  the  inerting  system  appears 
to  offer  some  improvement  in  the  post-crash  fire  environment.  Figure  2 
shows  an  assessment  of  the  potential  benefits  that  might  have  accrued  it 
inerting  systems  had  been  incorporated  in  commercial  jet  transports  since 
their  inception.  Of  the  13  accidents  involving  post-crash  fires,  tank 


ELIMINATION  OF  FIRES  INSIDE  FUEL  TANKS 
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TANK  EXPLOSION  ACCIDENT  ASSESSMENT 

(POST  CRASH  FIRES) 


Figure  2 


Inerting  had  the  potential  of  reducing  fatalities  or  hull  damage  in  only 
four  cases.  In  each  of  these  four  .  ases,  the  relatively  simple  approach 
of  vent  flame  arrestor  or  suppressor  and  improve"'  .-ethocs  of  fuel  cutoff 
in  the  engine  feed  line  was  determined  to  be  as  effective  as  the  inerting 
system. 

These  simple  and  reliable  systems  an  presently  installed  in  most  commer¬ 
cial  transports.  They  are  typical  of  the  tried  and  proven  fire  protection 
designs  which  the  aircraft  tndustrv  has  pursued  throughout  its  history. 
Since  1958,  this  policy  iu  h-t  transport  design  has  resulted  in  a  reduction 
in  accidents  involving  reel  ;s,:c!  explosions  from  1 . 4  to  approximately  0.1 
per  million  departures  t  F :  gi. re 

From  the  above  survey  of  existing  and  proposed  ways  to  eliminate  fires 
inside  of  jet  transport  fuel  tanks,  the  group  concluded  the  following: 

o  When  major  tank  rupture  occurs,  non*  of  the  proposed  svs terns 
would  significantly  reduce  the  five  hazard  to  passengers  and 
equipment . 

o  Inerting,  quenching,  am.  suppression  systems  incur  tremendous 
e  onotnic  and  operational  penalties  f  the  small  benefits 

offered  . 

o  System  currently  used  ,n  coircnerci  i'.  rarer aft  provide  protection 
equivalent  to  inerting,  quenching,  an  '-at  press  i  n  systems 
ween  the  tanks  roir. an 
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IV.  Crash-Resistant  Fuel  Tanka  (Reference  2) 

The  term  "crash-resistant"  fuel  tank  is  generally  associated  with  fuel  tanks 
that  are  capable  of  remaining  reasonably  Intact  during  a  crash  event,  thereby 
eliminating  or  minimizing  fuel  spillage  and  the  corresponding  post-crash 
fire  threat  to  surviving  passengers.  If  achieved,  this  concept  can  eliminate 
most  destructive  external  fires  and  complement  the  simple  measures  discussed 
in  the  previous  section.  The  highly  visible  success  of  crash-resistant 
fuel  systems  installed  in  Army  helicopters  makes  direct  application  of  this 
technology  to  jet  transport  aircraft  tempting.  However,  the  obvious  differences 
in  aircraft  characteristics,  crash  scenarios,  and  accident  experience  may 
dictate  another  course  of  action. 

The  obvious  difference  in  fuel  system  and  aircraft  design  and  the  crash 
scenario  is  further  complicated  by  the  definition  of  "impact  survivable." 

The  Army  bases  its  determination  of  whether  or  not  an  accident  is  impact 
survivable  on  an  assessment  of  the  inertia  forces  transmitted  to  the 
occupant  through  his  seat  and  restraint  system  and  on  whether  or  not  the 
cabin  structure  collapsed  within  the  occupant's  envelope.  On  the  other  hand, 
the  FAA  considers  a  crash  survivable  if  one  occupant  survives  the  impact 
event.  Because  of  the  size  of  transport  aircraft  and  the  correspondingly 
high  energy  absorbing  potential,  it  is  conceivable  that  some  occupants  will 
survive  very  high  crash  impact  velocities.  On  the  other  hand,  because  of  the 
fairly  small  size  of  Army  helicopters,  all  occupants  and  systems  are  exposed 
to  approximately  the  same  crash  environment  facilitating  a  relatively  clean 
definition  of  an  impact  survivable  crash. 

The  transport  fuel  tanks  fall  broadly  into  two  categories  -  integral  wing 
tank  and  fuselage  tank.  The  application  of  crashworthy  bladder  tanks  to 
Integral  wing  tanks  cannot  be  accomplished  without  a  complete  redesign  of 
the  wing  because  of  its  multi-cellular  construction.  Furthermore,  it  cannot 
be  said  with  certainty  that  crash-resistant  fuel  tanks  would  provide  fire 
protection  in  crash  scenarios  that  include  wing  separation. 


Before  discussing  the  application  of  crash-resistant  fuel  tanks  in  the  fuselage 
area,  something  should  be  said  about  current  fuselage  design  practices. 


Current  commercial  aircraft  typically  carry  fuel  in  the  wings  and  in  some 
cases  the  fuselage.  Fuselage  fuel  may  be  carried  in  the  center  wing  structure 
or  in  a  pressurized  area  such  as  a  cargo  compartment.  Fuel  tanks  in  the 
cencer  wing  structure  are  designed  to  meet  the  "g"  loads  prescribed  for 
emergency  landings  (Figure  4). 

Federal  regulations  require  that  damage  to  the  airplane  main  landing  gear  system 
during  takeoff  and  landing  shall  not  cause  spillage  of  enough  fuel  to  constitute 
a  fire  hazard.  The  fuel  tank  and  landing  gear  support  structure  is  designed 
to  a  higher  strength  than  the  gear  to  prevent  fuel  tank  rupture  due  to  an 
accidental  landing  gear  overload.  This  design  requirement  is  further  extended 
to  include  structural  attachments  to  the  wing  fuel  tank  which  might  be  over¬ 
loaded  during  a  wheels-up  or  partial  wheels-up  landing.  Flap  hinges  and 
engine  mounts  for  example  are  designed  to  fail  without  rupturing  the  tank. 

In  airplanes  having  fuel  tanks  located  within  the  pressurized  area,  typically 
the  cargo  compartment,  particular  attention  is  paid  to  minimize  the  risk 
of  fuel  spillage.  An  example  of  one  such  design  is  shown  on  Figure  5.  The 
tank  is  composed  of  an  aluminum  honeycomb  outer  shell  with  bladder  cells 
inside.  The  tank  is  supported  from  the  floor  beams  in  such  a  manner  as  to 
preclude  hody  structure  deflections  from  loading  the  tank.  Clearances  from 
adjacent  structure  are  provided  around  the  tank. 

The  fuel  and  vent  lines  that  connect  the  tanks  to  the  main  fuel  system 
incorporate  drainable  and  vented  shrouds.  These  lines  are  either  designed 
to  "break  away"  from  the  auxiliary  tank  or  sufficient  stretch  is  provided 
to  accommodate  tank  movement  without  causing  fuel  spillage.  Hoses  that  are 
required  to  stretch  are  subjected  to  what  is  normally  referred  to  as  the 
guillotine  test.  The  hose  is  pressurized  and  clamped  at  both  ends  to  simulate 
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TRAILING' EDGE  FLAPS  ATTACHMENTS  FOR  CONTROLLED 
BREAKAWAY. 


Rear  view 
at  Sta  950D 


it's  mounting  in  the  aircraft,  then  a  sharp  pointed  load  is  applied  in  the 
middle  of  the  hose.  The  hose  must  not  leak  when  stretched  to  it's  maximum 


In  addition  prior  accident  history  is  reviewed  to  ensure  that  the  tank 
installation  will  minimize  the  possible  leakage  of  fuel.  For  example  accidents  or 
incidents  where  the  gear  has  separated  are  reviewed  to  insure  that  the  tank 
will  not  be  hit  by  a  displaced  gear.  Also  incidents  or  accidents  where 
the  body  has  been  crushed  are  reviewed  to  insure  that  there  is  adequate 
clearance  between  the  body  and  the  fuel  tank.  In  addition  Incidents  or 
accidents  where  the  body  has  broken  are  reviewed  to  ensure  that  the  auxiliary 
tank  is  not  located  where  such  breaks  typically  occur. 

In  summary,  it  can  be  said  that  the  body  fuel  tank  design: 

o  Exceeds  FAR  requirements. 

o  Is  more  rugged  than  center  section  tanks. 

o  Considerable  clearance  is  maintained, 
o  Fue _  lines  allow  tank  displacement  without  breakage, 
o  Accident  history  indicate  minimal  spillage  exposure. 

Without  test  verification  it  cannot  be  said  that  crash-resistant  tanks  installed 
in  the  transport  aircraft  fuselage  tanks  would  be  completely  effective. 

Although  it  might  not  be  the  optimum  configuration,  it  would  certainly  be 
a  significant  improvement  over  the  current  bladder  tanks  since  this  improve¬ 
ment  would  be  realized  adjacent  to  the  occupants  where  crasl  fire  protection 
is  urgently  needed. 
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To  this  tnd,  an  evaluation  of  crash-resistant  fuel  tank  installations  in 
wing  and  fuselage  areas  was  performed.  A  summary  of  the  results  of  this 
evaluation  is  shown  in  Figure  6.  As  anticipated,  the  wing  installation 
shows  excessively  high  penalties  in  almost  every  category  evaluated.  On 
the  other  hand,  the  fuselage  installation  resulted  in  only  low  to  moderate 
penalties . 

The  results  of  this  brief  evaluation  indicate  that  a  careful  analysis  of 
crash  data  history  to  explore  modes  of  failure  is  essential  to  determine 
if  improvement  of  fuel  retention  during  transport  airport  crashes  can 
be  achieved.  A  research  program  involving  the  3  domestic  widebody  airframe 
manufacturers  is  anticipated  to  be  initiated  near  the  end  of  1979  for  the 
purpose  of  developing  crash  scenarios  and  recommending  future  test  and 
analysis  effort  for  the  development  of  improved  crashworthiness. 

As  a  result  of  this  study,  the  group  arrived  at  the  following  conclusions: 

o  It  is  feasible  to  install  crash-resistant  fuel  cells  in  fuselage  cargo 
compartments . 

o  It  is  not  feasible  to  install  crash-resistant  fuel  cells  in  the  wings 
of  conventional  transport  aircraft. 

o  Existing  Federal  Aviation  Regulations  are  adequate. 

o  Further  definition  of  criteria  should  evolve  from  total  aircraft 
c  r ashworth ine s  s  con s ide  ra t i o ns , 
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Figure 


V.  Anti-Misting  Fuels  (Reference  3). 

Anti-misting  kerosene  (AMK)  has  reached  the  current  level  of  development 
as  the  latest  in  the  search  for  a  "crash  safe"  aircraft  turbine  fuel. 

The  fundamental  consideration  in  crash  safe  fuel  development  has  been 
to  produce  a  fuel  which  will  not  result  in  the  fine  fuel  mists  which  will 
propagate  a  flame  from  an  ignition  source  to  a  larger  supply  of  fuel  in 
a  rapid  manner.  These  mists  are  generated  by  the  high  shear  rate  expulsion  of 
fuel  from  a  small  tank  opening  or  by  air  shear/breakup  of  larger  masses  of 
fuel  expelled  during  deceleration.  Preventing  the  rapid  development  of  a 
large  fire  around  an  aircraft  involved  in  an  impact  survivable  accident 
where  fuel  tank  rupture  occurs  can  allow  more  time  for  passenger  and  crew 
evacuation  and  result  in  a  higher  rate  of  survivability  in  this  type  accident. 

The  anti-misting  quality  is  imparted  to  the  fuel  by  the  addition  of  low  con¬ 
centrations  of  shear-sensitive  hydrocarbon  polymers.  The  additive  currently 
being  evaluated  by  the  FAA  is  know  as  FM-9.  It  has  been  shown  to  be 
effective  in  reducing  flame  propagation  through  mists  of  kerosene  fuels 
of  contemporary  flash  point  levels  (100°F  and  above).  Tests  using  anti¬ 
misting  additive  in  wide-cut  fuels  of  low  flash  point  (near  0°F)  and  high 
volatility  (e.g.  JP-4,  Jet  B)  show  little  relative  effectiveness  in  similar 
tests. 

AMK  is  in  the  early  stages  of  its  development.  Although  it  has  already 
demonstrated  its  ability  to  minimize,  and  in  most  cases  eliminate  entirely, 
the  fireball  frequently  experienced  when  fuel  is  released  during  a  crash, 
many  factors  are  yet  to  be  investigated.  At  the  present  time  the  FAA  and 
the  United  Kingdom  have  a  joint  program  which  will  culminate  near  the  end 
of  1980  in  a  decision  to  continue  further  development  of  AMK  as  a  concept 
or  to  discard  it  as  not  being  feasible  for  commercial  aircraft  application. 

Major  questions  yet  to  be  answered  include  the  effects  of  the  additive  on 
static  charge  generation  and  relaxation,  engine  starting  and  relight 
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characteristics,  heat  transfer  characteristics,  f ilterability,  materials 
compatibility,  fuel  oxidative  stability  and  storage  stability.  The 
most  important  property  of  AMK,  its  tendency  to  form  large  droplets  when 
released,  is  not  a  desirable  characteristic  when  the  fuel  reaches  the 
engine  combustor.  Consequently,  development  of  a  degrader  which  takes 
advantage  of  the  thixotropic  nature  of  AMK  to  restore  its  ignitability 
just  prior  to  entering  the  engine  combustor,  is  high  on  the  list  of 
development  priorities. 

Although  no  specification  for  AMK  exists  as  yet,  the  following  properties 
have  been  established  as  targets: 

o  An  additive  concentration  of  approximately  0.3  percent, 
o  Heat  content  equivalent  to  Jet  A/A-l. 
o  Anti-misting  quality  maintained  during  handling, 
o  Minimum  Impact  on  engine  start  and  relight, 
o  Acceptable  pumpability  and  flowability. 
o  Compatible  with  existing  materials  and  components. 

In  spite  of  the  many  questions  yet  to  be  answered,  the  reaction  to  AMK  is 
favorable  at  this  stage  of  its  development.  Its  fluidity  has  been  improved 
significantly  without  compromising  its  anti-misting  qualities.  The  develop¬ 
ment  of  a  suitable  degradation  process  is  encouraging.  Test  programs  are 
continuing  in  the  areas  of  engine  and  fuel  systems  compatibility,  air  shear 
and  flammability,  and  rheology  definition.  In  addition,  large  scale  crash 
tests  are  being  implemented.  If  no  unacceptable  aspects  of  AMK  develop  in 
the  continuing  program,  it  is  estimated  that  it  could  be  introduced  for 
conmercial  aircraft  usage  in  approximately  10  years. 
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In  conclusion,  it  can  be  said  that  AHix  offers  a  tremendous  potential  for 
post-crash  fire  hazard  reductions.  It  should  have  a  minimum  impact  on 
aircraft  operation  and  maintenance.  Although  it  appears  to  be  the  most 
promising  candidate  to  reduce  the  fire  hazard  in  a  post-crash  environment, 
much  more  development  effort  will  be  required  before  this  potential  can 


VL  Recommendations  -  Near  Term 


The  results  of  the  group  studies  do  not  offer  much  encouragement  for 
immediate  rule  making  consideration.  Existing  FAR's  were  reviewed  to  determine 
if  they  should  be  revised  to  conform  to  existing  technology.  This  review 
uncovered  two  areas  in  which  some  revision  could  be  considered: 

o  Fuel  vent  protection  during  ground  fires. 

o  Assurance  of  emergency  fuel  shutoff  prior  to  a  crash. 

However,  neither  of  these  changes  would  affect  the  safety  of  current  commercial 
jet  transports  inasmuch  as  most  of  them  already  incorporate  these  features. 


VII.  Recommendations  -  Research  and  Development 

Progress  towards  safer  airplanes  will  only  come  through  directed  research 
and  development  efforts.  As  a  result  of  this  study,  it  is  recommended  that: 

o  The  FAA  actively  support  the  Air  Force  on-board  nitrogen  generator 
investigations. 

o  The  FAA  investigate  the  effectiveness  of  the  fuel  tank  self-inerting 
concept  discovered  in  NAFEC  under  wing  fire  tests. 

o  The  FAA  await  the  results  of  the  anticipated  NASA/FAA  crashworthiness 
studies  and  support  a  study  defining  crashworthiness  design  criteria 
if  indicated. 

o  The  FAA  extend  the  AMK  investigations. 

Industry  and  government  representatives  are  continually  analyzing  the  results 
of  crash  investigations  to  determine  better  ways  to  protect  aircraft  against 
the  consequences  of  crashes  including  post-crash  fires.  However,  investigators 
are  continually  hampered  by  the  fact  that  inadequate  data  is  recorded  In 
crash  reports.  This  fact  prompts  the  inclusion  of  one  further  recommendation: 


o  The  FAA  should  support  the  Coordinating  Research  Council  recommendations 
for  improved  accident  reporting. 
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FIGURE  1.  TANK  EXPLOSION  ACCIDENT  R»VE 
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CRASH-RESISTANT  FUEL  CELLS 

SAFER  ADVISORY  COMMITTEE 
Sub-Group  Report 
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SUMMARY 


This  report  presents  the  findings  of  the  Post  Crash  Fire 
Hazard  Reduction  (PCFHR)  subgroup  on  crash-resistant  fuel 
cells.  Helicopter  experience  with  pre-  and  post-crashworthy 
fuel  systems  along  with  approximate  weight  and  cost  asso¬ 
ciated  with  crash-resistant  fuel  systems  are  presented. 

The  current  status  of  crash-resistant  fuel  cells  for 
transport  aircraft  is  described  along  with  typical  illus¬ 
trative  design  and  construction.  Various  fuel  crash- 
resistant  and  containment  concepts  are  evaluated  in  a 
matrix  which  takes  into  consideration  weight,  volume, 
range,  cost,  maintainability,  reliability,  hazards, 
retrofit  effectiveness,  equivalent  protection  and  general 
commentary. 

A  discussion  of  the  results  of  a  limited  number  of  trans¬ 
port  aircraft  NTSB  accident  records  and  a  brief  description 
of  an  anticipated  transport  aircraft  crashworthiness 
research  effort  involving  the  thorough  evaluation  of 
accident  data  and  the  development  of  crash  scenarios  is 
provided.  Conclusions  and  Recommendations  based  on  the 
findings  of  the  subgroup  are  presented. 
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GLOSSARY  OF  TERMS 


] 


Crash  Resistant  -  capability  to  resist  specified  loads 
Crashworthy  -  meets  FAA  requirements 
Fuel  Tank  -  any  cavity  containing  fuel 
Fuel  Cell  -  compartment  within  a  fuel  tank 

Fuel  Bladder  -  fuel  resistant  rubber  material  shaped  to  fit  a 
cavity 

Fuel  Containment  -  the  ability  to  hold  fuel  in  a  crash  environment 

within  the  limits  of  a  fuel  cell,  bladder  or  tank 

Fuel  Curtain  -  non-loa  i  carrying  device  to  prevent  passage  of  vapor 
fumes 

Integral  Tank  -  tank  in  which  fuel  is  contained  within  the  structure 
and  no  rubber  bladder  is  provided. 
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SECTION  1 


INTRODUCTION 


PURPOSE 

In  June  of  1978  the  establishment  of  the  Special  Aviation  Fire  and 
Explosion  Reduction  (SAFER)  Advisory  Committee  was  authorized.  The  objec¬ 
tive  of  this  committee  is  to  increase  the  safety  of  passengers  in  a  survi- 
vable  crash  environment  for  transport  category  aircraft.  Two  technical 
groups  covering  the  areas  of  Post-Crash  Fire  Hazard  Reduction  and  Interior 
Materials  Fires  were  formed  to  report  to  the  SAFER  committee.  As  part  of 
the  Post-Crash  Fire  Hazard  Reduction  technical  group  the  following  three 
subgroups  were  created: 

•  Fuel  Inerting,  Foam/Foil  Explosion  Suppression 

•  Antimisting  Fuels 

•  Crash- resistant  Fuel  Cells 

This  report  contains  the  finding  of  the  Crash-Resistant  Fuel  Cells 
subgroup. 

OBJECTIVES 

The  assigned  project  objectives  for  the  subgroup  on  Crash-Resistanc 
Fuel  Cells  are: 

•  Determine  the  current  status  of  crash-resistant  fuel  tanks, 

•  Evaluate  how  crash- resistant  fuel  tanks  would  be  designed  into 
the  transport  airplane  structure,  and 

•  Define  what  needs  to  be  done  before  crash- resistant  fuel  cells 
can/will  be  integrated  into  the  production  of  transport 
category  airplanes. 
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FUNCTION  IN  A  CRASH  ENVIRONMENT 


The  term  "crash-resistant  fuel  tank"  is  generally  associated  with  fuel 
tanks  that  are  capable  of  remaining  reasonably  intact  duriny  a  crash  event, 
thereby  eliminating  or  minimizing  fuel  spillage  and  the  corresponding  post 
crash  fire  threat.  For  aircraft  application,  crash- resistant  fuel  tanks  are 
designed  to  contain  the  fuel  during  crash  scenarios  up  to  the  _J.-nit  of  those 
considered  impact  survivable,  thereby  ensuring  that  if  occupants  survive  the 
impact  event  there  will  be  no  post-crash  fire  to  impede  their  evacuation. 

Good  design  practice  would  indicate  that  an  engineering  definition  of 
the  upper  limit  survivable  crash  should  be  developed  and  the  crash-resistant 
fuel  system  be  designed  to  tolerate  that  level.  The  method  of  achieving  the 
crash  resistance  should  then  be  determined  based  on  aircraft  design  and 
anticipated  crash  scenarios. 

For  most  situations  fuel  containment  is  highly  desirable  because  it 
directly  controls  the  main  source  of  fire  hazard.  If  achieved,  it  elimi¬ 
nates  post-crash  fire  negating  the  need  for  other  protection  measures  such 
as  explosion  suppression,  thermal  barriers,  etc.  In  severe  crash  scenarios, 
however,  it  may  be  prudent  to  supplement  the  containment  approach  with 
other  measures  at  potential  weak  points  or  abandon  it  altogether  in  favor 
of  other  crash- resistant  approaches. 

The  helicopter  crashworthy  fuel  system  achieves  containment  through 
high-strength  bladder  tanks  that  can  tolerate  large  strains  and  resist 
tearing  frcm  localized  impacts,  and  through  self-sealing  breakaway  valves. 

It  should  be  mentioned  that  complete  containment  may  not  be  necessary 
to  eliminate  burn  injuries  and  fatalities.  If  the  fuel  system  can  eliminate 
massive  fuel  release  and  confine  the  leakage  to  minor,  scattered  spills  so 
that  only  slow-progressing  fires  are  possible,  a  great  improvement  will 
be  realized. 

HELICOPTER  BACKGROUND 

Accident  studies  done  about  10  years  ago  (summarized  in  Table  1-1 i  of 
Army  helicopters  not  equipped  with  crashworthiness  features  clearly 


TABLE 


I 


i 


1-1.  NUMBER  OF  PEOPLE  KILLED  IN  U.S.  ARMY  HELICOPTER  ACCIDENTS  3Y 
INADEQUATE  CRASHWORTHY  FEATURES. 


I  g  f  tia(d«an  coaling  IbO  poTentiallf  pruenioblp  (a  f  a  I  it  le  s  CV70  ord  71) 


Rif  -  cmSHwoRTHiNfss  vs  cos?  Htitr  i  hicks 


TABLE  1-2.  COMPARISON  OF  POSTCRASH  FIRE  EXPERIENCE 


TOTAL  MISHAPS 
POSTCRASH  FIRES 


WITHOUT  CWFS  WITH  CWFS  | 

1089  1083  | 

84  25 


CASUALTIES  BY  TYPE  OF  FUEL  SYSTEM 


WITHOUT  CWFS  WITH  CWFS 

THERMAL  FATALITIES  65  0 

INJURIES  23  1 

NON  THERMAL  FATALITIES  340  98 

INJURIES  525  340 


REFERENCE  -  USAAAVS  SYSTEM  SAFETY  NEWSLETTER,  VOL  4,  #4,  1975 
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indicated  tnat  lives  were  being  lost  unnecessary  lv ,  ind  pr  -vi  :  .  he 
for  major  development  and  1noorDor.1t  ion  of  orashw.  rr feature-  .ut  '  \rmv 
helicopters.  Emphasis  was  placed  in  the  overall  integr  it  i  )r.  f  ra s>  >r :  a 

features  into  the  aircraft  through  improvements  in  has;.-  design.  Design 
criteria  for  improved  crashworthiness  were  generated  and  ire  'utl fried  in  "Crash 
Survival  Design  Guide,"  USAAMRDL  TR  71-22  i Reference  1  .  Because  of  tin-  1 irge 
number  of  fatalities  attributed  to  post-crash  fire,  a  ma ;or  port i  «n  or  this 
effort  involved  the  development  of  the  crashworthy  fuel  svstem  ''.■.'VS'.  A 
retrofit  program  was  initiated  in  1970  to  equip  all  Armv  helicopters  with  the 
CWFS.  The  accident  statistics  compiled  between  1971  mi  197'  when  both  non¬ 
crashworthy  and  crashworthy  fuel  svstems  were  in  the  active  Armv  inventory 
document  the  performance  of  the  CUTS,  (.Table  1-2).  "he  high'.v  visible  success 
of  the  CWFS  makes  direct  application  of  this  technology  to  ter  transport  air¬ 
craft  tempting.  The  obvious  differences  in  aircraft  chara,.  t  e  r  is  :  ics  ,  erase, 
scenario,  and  accident  experience  may  dictate  another  course-  -t  ’.  tior. ,  nowever 
Although  accident  experience  analysis  can  be  misleading,  it  jrpears  that  the 
helicopter  accident  experience  clearly  justified  emphasis  or:  development  of  a 
crashworthy  fuel  system,  whereas  the  jet  transport  accident  experience  may  not 
justify  the  expenditure  of  available  resources  on  crash-res :  scant  :  ue  1  .-stems 
in  lieu  of  other  life  saving  measures. 

The  heart  of  the  CWFS  is  the  crashworthy  link.  It  i-  the  result  o!  a 
material  development  program  where  the  crash  environment  was  ana lv red  and 
specifications  identified  which  were  neoessarv  for  a  matcrii'.  to  retain  fuel 
during  the  crash  event.  The  material  had  to  tolerate  large  strains  ina  be 
resistant  to  tearing  and  cutting  from  damaged  structur-  ind  f  o  ro  i  g”.  objects. 

The  test  criceria  specified  in  M1L-T-27A22B  t Reference  2  are  •  tv  select 
tank  materials  to  survive  the  helicopter  crash  environment .  7:k-s«.  tests  inc  lud*. 

measurements  of  tear  and  puncture  resistance,  envtr  nunental  -ta.  itv  and  long¬ 
term  Leakage.  Most  materials  developed  to  date  which  satis:  v  :  s  -pw::  .c  i- 
tion  are  nylon  fabric/rubber  laminates  which  also  contain  specialised  ..i.alir.c 
provision  for  combat  threats.  it  is  equally  important  that  tin  basic  tank 
material  be  fabricated  into  a  complete  tank  which  is  crash  resistant .  ih.s 
fabrication  normally  involves  cut -and -try  layup,  which  may  vary  ;n  rh.cxr.ess 
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AH-T 

130 
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5250,000 

$4600 

400 

CH-47C 
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54 

52,215,000 

$20000 

700 

i 

OH-58 

67 

1.5 

$320,000 

$4200 

80 

UH-1H 

160 

11 

$362,000 

$7400 
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I  ABLE  1-4.  95th  PERCENTILE  TRY 1 VABLE  HELICOPTER  ACCIDENT  PULSE 


DIRECTION  ALONG  AIRCRAFT  AXIS 


Vertical  (downward) 


Longitudinal  (forward! 


VELOCITY  CHANGE  FT/SEC 


Resultant  Vector* 


'NOTE:  The  downward,  sidewaro,  in-  ‘onward  velocity  components  of  the  resultant  velocity 


vector  do  not  exceed  42,  30,  and  oC  *t  %<>r  ‘-‘soectively 


tanks ,  it  xav  air-  je  sui  tar..,- 
It  seems,  however,  that  the  app 
rra I  wing  tanks  could  net  be  so 
wing  itself.  Furthermore- ,  it 
CVFS  woiii  d  provide  fire  protec  • 

:  i  or. .  Without  test  ver  if  i  cat  ii. : 


r...  f  tetdi  for  transport  fuselage  tanks. 

:i  of  rashvor thv  bladder  tanks  to  inte¬ 
rned  without  a  complete  redesign  of  the 
said  vitn  certainty  that  the  helicopter 
•rash  scenarios  that  include  wing  separa¬ 
ble  c  ->e  said  that  the  C'.vFS  installed  in 


the  transport  aircratt  fuselage  '  ms  s  could  he  completely  effective. 


SECTION 


DISCUSSION  OF  CONCEPTS  -  CURRENT  STATUS 


Current  commercial  aircraft  typically  carry  fuel  in  the  wings  and  in  some 
cases  the  body.  The  fuel  that  is  in  the  body  may  be  located  in  the  unpres- 
surized  area,  sometimes  called  the  center  wing ,  or  in  the  pressurized  area, 
typicaliv  the  cargo  compartment.  The  fuel  that  is  in  the  .tine  i-  contained  by 
the  front  and  rear  spars  and  the  upper  and  lower  wing  surfaces  and  thus  is 
called  a  wet  or  integral  tank,  ie.  ,  (there  are  no  rubber  bladuer  cells) . 
Typically  the  center  wing  tank  is  also  an  integral  tans  but  ir  is  isolated 
from  the  personnel  compartment  bv  a  fume-proof  and  fuel-proof  enclosure  as 
required  by  Federal  Aviation  Regulations  paragraph  25.9A7.  Fuel  tanks  such 
as  the  center  wing  tank,  which  are  located  within  the  body  contour,  are  designed 
to  meet  the  g  loads  prescribed  for  emergency  landing,  FAR  25.  chi  and  25.963 
(Figure  2-1). 

The  FAR's  further  require  that  damage  to  the  airplane  n.j.n  lancing  gear 
system  during  takeoff  and  landing  shall  not  cause  spill  ige  '•  enough  fuel  to 
constitute  a  fire  hazard  (FAR  25.721).  The  fuel  t ink  and  landing  gear  support 
structure  is  designed  to  a  higher  strength  than  the  gear  c  pr-;-"~-:v.  :  n-.-i  tank 
rupture  :ue  to  an  accidental  landing  gear  overload.  Tin,  .esicn  roqu : foment  is 
farther  extended  to  include  structural  lttjohmer.ts  !  o  the  wing  •'•-.el  tael  wr,i  o 
T.tg.T  be  ;ver  loaded  during  a  wheel  ;-.ip  r  part  ;  i '  wheel  --no  lane  dig.  “  •  ,:r 

hinges  and  engine  mounts  for  oy.anp  le  ate  design  <.••..  •  t  at  1  wit::  -ut  :  .a;  .  tg 

the  -..ink  . 

As  indicated  p  rev  ions  !  y ,  .<  me  i .  r-  i  ,»nes  also  1".  os  :■  1  ia  ,  vat-.  J 
within  "he  pressurized  area,  tvoioaliv  the  arcs  -oirc-or*  r.er.t  .  .’  t  i  war 

attent:  n  is  paid  to  these  designs  t  ■  minimi t  •"  '  u>.  1  ..  age.  an 

examcLo  >t  one  such  design  s  s  shown  :.n  Itgur..  .1-2.  •  ir.-.  ,  ■  •••.’.  •  c-. 


Aim  CENTER  SECTION 
DESIGNED  PER  FAR  2S.561 
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FORWARD 

DOWNWARD 

JPWARD 

SIDcWARO 


ADOITICNAL  TANK  PROTECTION  OBTAINED  3Y  KEEPING 
FUE.  HEADS  WITHIN  DESIGN  LIMITS  DURING  l  RAOIAN/St C. 
kOl^  ANO  5Y  USING  NACELwE  STRUT ,  LANDING  GEAR  AND 
TRAILING  EDGE  FLAPS  ATTACHMENTS  FOR  CONTROLLED 
BREAKAWAY . 


9.0g 
A.Sg 
2.  Dg 
l.Sg 


Figure  2-1.  Fuel  Tank  Load  Factors 


Rear  view 
at  Sta  9500 


Figure  2-2.  Fuel  Link  Loner a  1  Arrangement 


* 


15.30- 


The  tank  is 


aluminum  honeycomb  outer  shell  with  bladder  cells  inside, 
supported  from  the  floor  beams  in  such  a  manner  as  t preclude  body  structure 
deflections  from  loading  the  tank  and  clearances  fr-m  adjacent  structure  are 
provided  around  the  tank.  The  outer  tank  shell  is  constructed  as  shown  in 
Figure  2-3. 

The  fuel  and  vent  lines  that  connect  the  auxiliary  tanks  to  the  main  fuel 
system  incorporate  drainable  and  vented  shrouds.  Additionally,  these  lines  are 
either  designed  to  break  away  from  the  auxiliary  tank  or  sufficient  stretch  is 
provided  to  accommodate  tank  movement  without  causing  fuel  spillage.  Hoses 
that  are  required  to  stretch  are  subjected  to  what  is  referred  to  as  the  guil¬ 
lotine  test.  The  hose  is  pressurized  and  clamped  at  beta  ends  to  simulate  its 
mounting  in  the  aircraft,  then  a  sharp-pointed  load  is  applied  in  the  middle 
of  the  hose.  The  hose  must  not  leak  when  stretched  to  its  maximum. 

Prior  accident  history  is  reviewed  to  ensure  that  the  tank  installation 
will  minimize  the  possible  leakage  of  fuel.  For  example,  accidents  or  incidents 
where  the  gear  has  separated  are  reviewed  to  ensure  that  the  tank  will  not  be 
hit  by  a  displaced  gear.  Also,  incidents  or  accidents  where  the  body  has  been 
crushed  are  reviewed  to  ensure  that  there  is  adequate  clearance  between  the 
body  and  the  fuel  tank.  In  addition,  incidents  or  accidents  where  the  beay  has 
broken  are  reviewed  to  ensure  that  the  auxiliary  tank  is  not  located  where  such 
breaks  typically  occur. 

In  summary,  it  can  be  said  that  the  body  fuel  tank  design: 

•  Exceeds  FAR  requirements 

•  Is  more  rugged  th3n  center  section  tank 

•  Provides  considerable  clearance 

•  Allows  tank  dispi-  it  without  breakage 

•  Location  results  in  minimal  spillage  exposure. 

Typical  FAR  fuel  safety  structural  design  re  ;u  i  renn  nts  ,nd  :  uc  1  sy  stem 
design  requirements  are  presented  on  pages  2-4  and  and  in  Section  4. 
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CORNER  ATTACHMENT  BULKHEAD  ATTACHMENT 


■PRESSURE  SEALING  - 


Hi 


XT 


TYPICAL  MACHINED  INSERT  INSTALLATION 
FOR  ATTACHMENT  OF  FUEL  SYSTEM  FITTING 

Figure  2-1.  Fuel  Tank  Construction 

FAR  FUEL  SAFETY  STRUCTURAL  DESIGN  RFQl’  I  REM  ENTS 


25.721(d) 


nmm-i 


The  main  landing  gear  svstern  must  :»e  designed  so  chat  if  it  fails 
due  to  overloads  during  takeoff  and  landing  tas.suir.ing  the  overloads 
are  in  the  vertical  plane  parallel  to  the  longitudinal  axis  of  the 
airplane),  the  failure  mode  is  not  likely  to  puruture  anv  part  if 
the  fuel  system  in  the  fuselage. 

2  5  .  q6.3  (d ) 


Fuel  tanks  within  the  fuselage  contour  must  h,.  iblc  to  resist  rup¬ 
ture,  and  to  retain  fuel,  under  the  inertia  forces  prescribed  :  'f  the 
emergency  landing  conditions  in  25.561 .  In  addition,  these  tanks 
must  be  in  a  protected  position  so  that  exposure  of  the  tanks  to 
scraping  ac  ion  with  the  ground  is  unlikely. 
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FUEL  SYSTEM  DESIGN'  REQUIREMENTS 


•  Fuel-carrying  lines  shall  be  routed  inside  of  the  tank  wherever 
possible.  FAR  25.863  and  25.967(e) 

•  No  fittings,  valves,  sumps,  or  plumbing  that  normally  carry  fuel 
shall  extend  below  the  lower  wing  surface  contour  or  below  major 
load  supporting  structural  members  of  the  body.  FAR  25.963(d) 

•  Fuel-carrying  lines  passing  through  areas  where  damage  could 
occur  due  to  a  crash  landing  shall  be  flexible  hoses  designed 
and  installed  to  allow  a  reasonable  degree  of  deformation  and 
stretching  without  leakage.  FAR  25.993 

•  Primary  consideration  must  be  given  to  fuel/fuel  vapor  carrving 
lines  passing  through  pressurized  compartments  being  continuous 
with  no  breaks  and  encased  in  a  pressure-tight  continuous  shroud 
drained  and  vented  to  ambient.  FAR  25.363  and  25.967 1.  e) 

•  Fuel-vent  outlets  shall  not  be  located  in  any  probable  lighning 
strike  area.  FAR  25.954 

•  Generator  feeders  shall  be  isolated  from  fuel  lines  and  encased 
in  flexible  insulating  shroud.  Feeders  shall  allow  for  reason¬ 
able  degree  of  stretching  or  deforming.  FAR  25.1359 

•  Fuel  cells  shall  meet  all  requirements  where  applicable.  F.AR 
25.963(b)  and  25.967(a) 
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SECTION  3 


EVALUATION  OF  CONCEPTS 

MATRIX  OF  CONCEPTS  VERSUS  PENALTY  CONSIDERATION 

Table  3-1  shows  a  matrix  of  concepts  for  cras'n-resistant  fuel  cells/tanks 
and  fuel  containment  versus  major  penalty  considerations .  The  concepts  include 

•  Crash-resistant  fuel  tanks  in  the  fuselage  and  wing 

•  Leading  edge  reinforcement 

•  Ductile  lower  wing  skins 

•  Breakaway  fittings 

•  Alternate  fuel  tank  locations 

•  Increased  compartmentatiorr  of  integral  tanks 

•  Fuel  tank  isolation 

•  Use  of  external  and  internal  liners 

•  35  g  integral  wing  tanks 

•  Membranes  and/or  curtains 

•  Crash  energy  absorbing  devices 

•  Flow  restrictors 

The  major  considerations  required  to  be  evaluated  in  assessing  the  various 
concepts  include: 

Weight 

Volume  (range) 

Cost 
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TABLE  3-1.  MATRIX  OE  CONCEPT  VERSUS  PENALTY  CONSIDERATIONS  (Continued) 


Vaincainabiii  tv 


Reliability 
Additional  hazard 
Retrofit 
Effectiveness 
Equivalent  protection 

From  the  matrix  it  can  be  observed  that  for  several  concepts  it  is  appar¬ 
ent  that  data  has  been  obtained  and  initial  assessments  have  been  made  with 
regard  to  a  majority,  if  not  all  of  the  considerat ions .  This  is  particularly 
true  for  crash-resistant  fuel  tanks  in  the  fuselage  or  wing,  leading  edge  rein¬ 
forcement,  internal  liners  and  breakaway  fittings.  For  other  concepts  the 
scarcity  of  information  contained  in  the  matrix  indicates  there  are  areas  that 
require  further  evaluation  before  assessments  can  be  made. 

VOLUME  AND  WEIGHT  PENALTIES 

Volume  and  weight  penalties  increase  the  field  takeoff  length  and  decrease 
the  range,  both  of  which  have  implications  which  apply  as  obviously  to  safety 
considerations  as  to  economics.  Due  to  system  complexity,  added  operation  and 
maintenance  requirements,  effects  on  economy,  and  implications  to  reduced 
flight  safety,  the  installation  of  wing  crash-resistant  tanks  does  not  appear  to 
be  a  oractical  solution  to  the  crash  fire  prevention  problem. 

The  effect  of  the  range  reduction  will  be  reflected  in  the  necessity  for 
additional  landings  when  operating  to  the  limits  of  the  payload  range  envelope. 
Airline  route  structure  studies  show  that  approximately  10  percent  of  the 
flights  require  maximum  range  and  payload  capabilities.  Ten  percent  of  the 
total  flights  would  therefore  require  an  intermediate  landing  and  takeoff  thus 
increasing  the  exposures  to  accidents  encountered  during  the  takeoff  and 
landing  regimes. 

The  Civil  Aer  indue ios  Board  statistical  review's  for  a  typical  three-vear 
period  showed  that  from  21  percent  to  29  percent  of  aircraft  accidents  occur 
enroute,  the  remaining  ’1  to  79  percent  are  associated  with  landing,  takeoff. 
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and  operation  on  the  ground.  Actual  per  'ent  of  futilities  associated  vita  this 
phase  of  operation  is  not  tabulated;  however,  a  review  of  the  accident  resumes 
included  indicate  67  percent  are  related  to  airport  operations. 

It  is  obvious  chat  the  frequency  of  landing  and  takeoffs  has  a  direct  3nd 
important  bearing  on  the  frequency  of  accidents  and  resulting  fatalities. 
Therefore,  any  change  in  aircraft  design  which  might  increase  the  required  num¬ 
ber  of  landings  and  takeoffs  must  be  carefully  evaluated  for  its  impact  on  the 
tocal  safety  problem.  From  the  above  staciscics  it  may  be  calculated  that  a 
IQ  percenc  increase  in  landing  and  takeoffs  could  have  resulted  in  a  P.7 
percent  increase  in  total  fatalities.  This  probable  increase  would  have 
exceeded  the  maximum  number  attributed  to  fire  even  if  100  perce::"  effect iveness 
is  assumed  for  Che  crash  fire  provisions. 

Even  on  flights  which  are  not  limited  by  maximum  takeoff  weight,  the 
added  gross  weight  at  takeoff  and  landing  will  contribute  to  higher  takeoff 
and  landing  speeds,  which  in  turn  are  detrimental  to  safety.  Thus,  the  added 
exposure  to  accidents  occurs  at  higher  speed  near  the  ground,  tending  to  com¬ 
pound  the  danger  of  each  exposure. 

PC-8  CENTERWING  CRASH  RESISTANT  TASK  IXST.iLLATlOS  St  IVY 

The  FAA  method  (Reference  9)  for  establishing  the  required  dynamic  tensile 
strength  of  cell  material  for  a  so-called  crash-resistant  tank  is  based  on  two 
quantities.  These  are  the  maximum  hydrostatic  head  developec  by  the  35  g 
acceleration* and  a  size  factor  (diagonal  length/area)  representing  the  most 
critical  unsupported  cell  surface  based  on  the  assumption  that  the  structure 
one-third  of  the  tank  chord  aft  of  the  impact  sur: ace  has  failed. 

Assuming  that  the  DC-8  centerwing  tank  inst  illation  r»  spouds  -  1  single 
tank,  the  maximum  hvdrostar  ic  head  developed  bv  the  35  g  ivohr  it  would  be 
225  psi.  If  the  t  ink  is  assumed  to  he  »  f: actively  divided  .  v  t he  tenter  sp.»: 
into  two  tanks,  the  maximum  head  dove i op»  •;  in  : he  ;  'rvard  s  :  i  'n  ii  one  would 
be  170  psig.  since  'he  vie-th:  rd  strucfiv.il  ;  a  i  1  ere  v  • o  is  re  1  im  :  '  struc¬ 
ture  and  not  tankage  arrangement .  the  , r l : t  :  a I  D. A  ratio  v  >u  1 i  oe  t  ht  same  in 
either  case  and  is  -'qua'.  *  ■>  O.CH-i.  The  cei  iv  u:  ui  <:  •  lies,  r  :,.  ires  is  shown 
in  F igure  3-  1  . 

*  A  proposed  FAA  rule  which  was  r  t  iCopled  Refer-.  :■  e  ■ 
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H  •  228  in.  X  0.0282  pu/in.  Fuel  X  35g  *  225  p*ig  SPAR 
D  =  155  in. 

A  “  X  139  in.  -  3250  in.  2 

a  -5»o£:2 1 00188 


Figure  2-1.  Derivation  Cell  Design  Factors 

ov  referring  to  the  FAA  plot  or  required  tensile  strength  versus  hydro¬ 
static  head  and  j<  A  ratio  (Figure  3-2  # ,  it  can  be  seen  that  the  required 
strength  ever,  for  the  assumed  divided  tank  is  greater  than  that  available  from 
any  of  the  plotted  materials.  Assuming  the  tank  to  respond  as  a  single  cell 
and  extrapolating  the  FAA  data,  it  appears  that  a  material  having  a  tensile 
strength  of  1750  lb/in.  width  is  required.  Extrapolating  the  data  from 

Reference  9,  relating  strength  and  weight  or  cell  material,  the  minimum  weight 

2 

possible  appears  to  be  approximately-  J.925  ib/ft  .  If  the  normal  trend  of 
strength  versus  weight  is  followed,  the  required  weight  appears  to  be  i.u5 
Ib/ft"".  With  the  safety  factor  if  1.75  applied  as  recommended  by  T.S.  Rubber 

■> 

Company,  it  is  probable  that  these  weights  would  be  of  the  order  of  1.6  lb/ft 
2 

and  2.55  Ib/ft  ,  respectively. 

Total  weights  for  cell  installations  based  on  these  materials,  as  :e 1 1  as 
comparable  weights  for  an  installation  based  on  the  two  separate  tank  response , 
arc-  given  in  Table  3-2.  Also  shown  is  the  lass  in  fuel  capacity  resulting 
from  the  cell  installation. 


ID 


NOTE:  DATA  OBTAINED 
FROM  FIGURE  3. 
REFERENCE  9 
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Figure  3-2.  Tensile  Strength  Versus  Hydrostatic  Head  and  D/A  Ratio 

The  following  discussion  briefly  describes  the  results  ana  comments 
obtained  from  several  pertinent  FAA  reports: 

FAA  RD  71-27  (Reference  3) 

Installed  bladder  cells  in  DC-7  wing  section;  filled  up  voids  with 

styro  foam  filler. 

Fifteen  percent  volume  loss  with,  an  extra  16  pound  .  require :  f.'t  120 

gallons  of  fuel. 

FAA  ADS- 2 7  (Reference  4) 

Concluded  that  a  Crash  R.  s  :  star. *  -vie;  system  imposes  a  -.vna '.  :  v  /■ ■a.'-‘7 
percent  fuel  volume  loss  (using  n  >■  nal  fuel  load  of  5  5  i  .1  gal!  vs  >  mu  remits 
in  a  weight  decrease  of  about  i.'h  pounds.  Note :  these  ti  gurus  ire  not  typical 
as  a  lot  of  tanks  in  the  DC- 7  wer.  V  ready  a  bladder  type  <.  2  ■*  tul  !  >.  mr  m 

the  5512).  Volume  loss  therefore  i  .  not  representative  and  :  he  >•  .g:  :  !  ■>< 
figure  included  fuel  weight  loss. 


8AS£D  ON  SINGLE  T ANK  RESPONSE 


BASED  ON  DOUBLE  TANK  RESPONSE 


I 


WEIGHT  ITEM 

!  OPTIMUM  CELL 
MATERIAL 
16,bft2 

PROBABLE  CELL 
MATERIAL 

2.55  lb/ft2 

OPTIMUM  CELL 
MATERIAL 
1.20  lb/ft2 

PROBABLE  CELL 
material 

1.90  lb/ft2 

Cell  Materiel  1936  ft2) 

1120 

1780 

•fitting  Weight  (3  X  present 

U  S.  Rubber  fittings) 

230 

250 

220 

240 

Attachment  (nuts,  bolts,  etc.) 

60 

60 

60 

60 

Tank  Liner  (2  X  present  thickness 
*  1 0CT'S  for  stiffening  Si  structural 

750 

750 

750 

750 

Access  Ooors  &  Structural  Revision 

400 

TOTAL 

2940 

3860 

[  _  _  _ 

2550 

3230 

•Average  number  of  fittings  per  cell 
Average  number  of  fittings  per  end  cells  = 
Misc.  fittings,  one  each,  total  = 

TOTAL  = 


10  (vent  &  fuel  interconnects,  access  doors,  etc.) 

8  ! v ent  &  fuel  interconnects,  access  doors,  etc.) 

4  (tan*  inlet,  outlet,  capacitance  units,  etc.) 
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INSTALLATION  FUEL  LOSS:  Integral  Tank  Capacity  *  26.100  lb 

Bladder  Cell  Capacity  =  20,670  lb 
Capacity  Loss  =  5,430  lb 

it  was  apparent  that  both  irttettr  »1-  ana  bladcer-type  o e L i  could  contain 
fuel  under  c  anr  relied  decolera:  let's  vh:  vet:  Id  exceed  the  human  survival 

envelope.  Tn  local  impact  test:  hoth.  integral  and  t’exible  tanks  leaked;  tne 
latter  at  t  sieve r  rate. 

Die 1  v  t  ens  •  r  fiberglass  !  1  r  wre  riveted  :n  '  or  the  test  specimen,  hut 
t  he  authors  recommended  making  the  liner  one  piece  ot  a  type  ot  material  that 
vou  1  a n't  ! eavp  ; agged  ends  - 

The  cost  estimate  was  DO , ..  la  d,  liars  ti96.li  for  a  complete  system  instal¬ 
lation  in  the  number  a  main  tank.  ■ Note :  there  were  already  some  conventional 
flexible  bag  tank-;  that  would  net  :  ?st  as  much  to  change  over.' 


! .  : 


list  :nu-rd  30C,000  :  >  •  1  a  r  :  -•  .  -»ev  - :g:r>.e 

the  '  ir.ter  X--3  and  estimated  .  >  ..-r.i  of  t he .  t1-  ..  ir 

a  i  r  p  l  ant- . 

Note  -  a  unit  gallon  tost  was  "  uKen  t  rom  the  j('-~  Mr  \nw  .sec  :n 

est  mates  and  extrapolated  -  this  is  an  optimist:  .  •••  • , 

as  the  DC- 1  already  had  partial  nag  tanks . 

FAA  ADS- 3 7  i Reference  5) 

i:o.  3  mam  tank  composed  of  both  integral  and  h !  nude  r  -  tut  :..v<  'everted 
to  crash  resistant  tvpe  -  both  total!  •  damaged  by  pole  imp a.  t . 

FAA  ADS- 19  vReferecre  b) 

Large  transports  in  19  b-  had  sufficient  strength  mroat :  -t  the  ".'board 
nacelles  to  cut  through  3-  to  10-  inch  diameter  trees  or  poi-.-s . 

The  lower  front  spar  rail  and  :  -rward  section  it  the  i.'.-  r  s  .r:  i  was  said 
to  be  the  most  effective  area  for  strengthening.  It  was  o',  aim*  u  th.it  material 
added  was  in  primary  bending  and,  tnererore,  not  a  s i gn  i  f  i . an •  penalty  r  o  a 
revised  design  structural  weight .  Material  could  onl v  idd-d  to  a  point  up 
to  wing  break-off  shear  or  bending  loads.  Convai r  says  . .!  g  maximum  tor  tuei 
inertia  loads  since  loads  higher  than  1)  g  would  cause  t  he  elites  to  be 
torn  off  or  the  fuselage  to  be  crushed. 

Crash  Loads  consist  of  Internal  pressures  (fuel  head  imi  s’.osr )  plus 
impact  loading  and  puncturing  by  stumps  and  dislodged  aircraf t  parts. 

It  is  stated  in  Reference  b  that  as  survivable  transport  crashes 
usually  occur  on  or  near  airports  in  cleared  areas,  failure  is  more 
frequently  due  to  distributed  impact  loads  and  concentrated  tier  ting 

loads  than  concentrated  impact. 

Reference  6  includes  detail  design  concepts  -  corrugate:  :  or  ward 

spar  variations  and  Claims  that  detail  design  is  ail  important  •..•hen 
considering  tear  resistance  and  deformity. 


with 


The  FAA  proposed  35  g  'which  was  not  adopted)  is  not  in  Line 
recommended  5  g  tor  large  transport  recommended  in  the  Reference  h  report. 

Retcrenee  6  test  results  shoved  improved  reinforcement  vith  1%  weight 
increase  that  would  cut  down  12-  to  13-inch  diameter  trees. 

FAA  tests  (Reference  5)  showed  that  a  0.04  inch  doubler  on  the  top  and 
bottom  of  a  DC-7  wing  skin  does  not  appreciably  decrease  vulnerability  of 
integral  tanks  to  leakage. 

Note:  1)  tests  run  were  not  on  ribs  but  unstiffened  skin,  and  leading 

edge  structure,  pipes  and  components  were  net  represented. 

2)  the  entire  wins  is  not  equally  strong,  outboard  tanks  are 
still  near  ignition  sources  and  contain  a  lot  of  fuel  that 
could  be  hazardous  with  'into  fuselage'  wind  conditions. 

FAA-DS-70-15  (Reference  ’ ) 

This  report  cakes  the  Refer-. u  r.cepi  n  reinforced  leading  edges  and 
examines  this  as  well  as  .i  team  liner  with  a  bonded  extendible  film. 

Re :  v  '**r.  ludes  that  -sc  "  incorpora-,  i  ng  two  different  types 

of  rash  r  s  stance  in  m  R0-.  ■•:-t  t  r  ans:>.  rt  fleet  is  equivalent  to  the  estima¬ 
ted  ss  .:v.  - 1  >.  <?d  in  ab.-ut  s.  :  lien:  s.  Jet  accidents  'c.'urring  between 

1953  t  :.r  .rd  1  ?  h  v:--  such  t  .ii.it  -.rash-resistant  l'-.u- 1  tanks  would  not  have 
r.«t*-r:ai  ;  •••  r--.i-.aed  hull  Is-,--  art- :  :  ital  it  ies.  i  he  character  and  circumstances 


■■  :  it  .si-.  •  i .-rnorat  ing  c  "ash-res  1st  ant  :  .  tanks  in  a 

•"in-,  a-  rt  was  . 't  :  .  •  .  .  :n  1  <  70  Reference  .  This  ma  Lysis  a -an- 

•  i*  .  *  i  .  '  .  !'  i .h .’i  r ■? s  i is L .in ‘  ropresc- r.  :  •  « i  ''•*  s  i.  rue  tiut n  i 

:  **  i  5p.»r  .  i •?  i  :> ;  i  t  -larr.  ’..••r.vr  civ*  rv.ir  .'f 

i -.  .  .*»'  !  tr.  it  t  h«-  la:  :  i.  •  r  i.s  n0  percent  mcl  to.ai  "■  r  cent  oi 

in.t  -  to  ; • s:;r”iv.  an  a  :  tnd  result  in!  :  r-»  -'von  ■:  •  d.c  lira:  in. 

mv'.'  rash- res  istant  tanks  and  chat  the  othv  r  3-1  percent  would  survive 


due  to  prevention  of  fire  with  crash- res : s tan t  tanks,  the  in.il  vs:  -  -to.  •. 

that  post-crash  fires  would  have  to  be  prevented  in  seven  survi  vib  le  :ris.:es 
of  contemporary  transports  or  three  of  wide-bodv  transports  over  :  !  .— .-ear- 
period  for  the  crash-resistant  tanks  to  be  cost/ber.efioial.  If  maximum 
potential  benefits  are  considered  at  a  load  factor  of  100  percent,  ere 
complete  credit  is  given  to  crash  resistant  t  inks  for  saving  all  occupants, 
the  ben  .'fits  would  exceed  the  costs  if  post-crash  fires  were  prevented  in 
three  contemporary  transport  crashes  or  one  wide- body  transport  trash  over 
a  10-year  period. 

On  the  basis  of  these  cost/benefit  criteria,  ;  r.corp  ora:  i  n  -f  •-  r  s  In- 
resistant  integral  fuel  tanks  in  U.S.  air  carrier  aircraft  frnr.  i  it-  tar  ugh 
1974  would  not  have  been  -ost  beneficial.  Several  aircr ift  incorpo’-v  - 
auxiliary  bladder  fuel  ceils  in  the  fuselage  below  the  wing  Pox  sir.  tare. 

It  would  appear  that  the  weight  anu  volume  penalties  would  not  bo  a  ni-h 
for  crashworthy  fuselage  tank  as  they  arc-  f  or  integral  :  ar.ks . 


enough  fuel  from  any  fuel  system  in  the  fuselage  to  constitute  a 
fire  hazard;  and 

(2)  For  airplanes  that  have  a  passenger  seating  coni'  i  gurat  ion , 
excluding  pilots  seats,  of  10  seats  or  more,  the  spillage  of 
enough  fuel  from  any  part  of  the  fuel  system  to  constitute  a  fire 
hazard . 

(b)  Each  airplane  that  has  a  passenger  seating  conf igur at  ion 
excluding  pilots  seats,  of  10  seats  or  more  must  be  designed  so 
that  with  the  airplane  under  control  it  can  be  landed  on  a  paved 
runway  with  any  one  or  more  landing  gear  legs  not  extended  with¬ 
out  sustaining  a  structural  component  failure  that  is  likely  to 
cause  the  spillage  of  enough  fuel  to  constitute  a  fire  hazard. 

fc)  Compliance  with  the  provisions  of  this  section  may  be  shown 
by  analysis  or  tests,  or  both. 

[Arndt .  25-32,  37  FR  3969,  Feb.  24,  1972] 

25.863  Flammable  fluid  fire  protection. 

(a)  In  any  area  where  flammable  fluids  or  vapors  might  be 
'.  iberated  by  the  leakage  of  fluid  systems,  there  must  be  means  to 
prevent  the  ignition  of  those  fluids  or  vapors,  and  means  to  mini¬ 
mize  the  hazards  in  the  event  ignition  does  occur. 

lb)  Compliance  with  paragraph  (a)  of  this  section  must  be  shown 
|  by  analysis  or  tests,  and  the  following  factors  must  be  considered. 

I  (,1)  Possible  sources  and  paths  of  fluid  leakage,  and- means  of 

detecting  leakage. 

(I1!  Flammability  characteristics  of  fluids,  including  effects  of 
any  combustible  or  absorbing  materials. 

(3)  Possible  ignition  sources,  including  electrical  fruits,  over¬ 
heating  of  equipment,  and  malfunctioning  of  protective  devices. 

■  -* )  Means  available  for  controlling  or  extinguishing  a  fire, 
such  as  stopping  flow  of  fluids,  shutting  down  equipment,  fireproof 
containment,  or  use  of  extinguishing  agents. 

(5)  Ability  of  airplane  components  that  are  critical  to  safety 
of  flight  to  withstand  fire  and  heat. 

fc)  If  action  by  the  flight  crew  is  required  to  prevent  or 
counteract  a  fluid  fire  (e.g.  equipment  shutdown  or  actuation  of  a 
fire  extinguisher)  quick  acting  means  must  be  provided  to  a  <  ■  r  t  i  :ie 
:  rew . 

f Arndt.  25-23,  35  F.R.  5676,  Apr.  8,  1970] 

23.15s  Fuel  system  lightning  protection. 

The  fuel  system  must  be  designed  and  arranged  to  prevent  the 
ignition  of  fuel  vapor  witiiin  the  system  by  - 

(a;  Direct  lightning  strikes  to  areas  having  a  high  prohabilitv 
of  stroke  attachment. 

r.-22o 


i  b  '>  Swept:  :  ishtning  strokes  ’  )  lro-is  vliere  swept  strokes 
highlv  probable;  and 


>  r  sir.  ix  \  nci  3 1  r  e  line  r  •  n  z  i 


v  :i  t  Juliets. 


•.  j  .  I 


3  ■  '  10 1  C  1  n k  a :  n  ,  , 


>1,1  r.a :  n  :  ue  l  t.mK  mu-”  .-••  r> .  •  '  :  r  hs  t  .it:  d  .  vitro-  it  tailure, 

the  v lb  rat  ion,  inertia.  ird  structural  Louis  that  it  tnav  be 

subjected  to  in  operation. 

•  V> )  Flexible  fuel  tank  liners  r.ust  bo  approve  i  or  must  be  shown 
to  be  suitable  for  the  part:  nine  ir  n !  ioat ion. 

10'  integral  fuel  t  inks  :s*  r.,v.-e  facilities  f  'r  interior  ir.spe 
tier.  i  nd  repair. 

1  .:  1  Fuel  tanks  within  •  f  i  itr  r.toe.r  rust  be  ibl«  t  - 
resist  rupture  and  to  ret::  i  -  unhe  r  the  inertia  fortes  pre¬ 

scribed  for  the  emergent”,  lnr;;rn  c  .'no  it  ions  in.  f 5. 5ol  .  in  iddi- 
C  ion ,  these  tanks  must  Lie  in  nr  :  touted  position  so  that  exposure 
of  the  tanks  to  striping  action  witii  the  ground  is  unlikely. 

(e)  [Reserved] 

•■ft  For  nressur ited  :  le’.  tanks,  a  means  vith.  fail-sa:--  features 
mist  re  provided  to  prv-.-nt  tne  buildup  of  an  exnessive  pressure 
difference  between  the  Inside  and  rhe  outside  of  the  tank. 


dees  .  3  :  Ha),  nO  1 , 
t  *  ^  }>  \  s  ‘  -  .  b  ^  c  )  t  '-v 


" .  S  .  C  .  1  ifd  i'  a  )  ,  1  - 1  i ,  and 


• .  No.  1  •'  "S  1  Si'*  1  .  Jen.  fa,  |dul,  ja  amende:  hv 

.  f  5— *0.  if  KR  i  ;  v-i  r  .  i:  1  9  7  ~  1 
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fa  •  r.a  eh  fuel  tank  mus 
.’suiting  trim.  the  we i  ;ii 


•rrtoen  tnt  eu 


must  o-  rats 


oe  t.we~n  r.e  .  in*  ana  i  • 


f)  I’aJ.iin, 


••e  s-u . '■•>■!  so  th.it  tank  I  vies 

of  ;  ;n  the  tanks',  ire  not 
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compartment,  ventilation  may  be  limited  to  drain  holes  large  enough 
to  prevent  excessive  pressure  resulting  from  altitude  changes. 

(c)  The  location  of  each  tank  must  meet  the  requirements  of 
25.  1  185(a)  . 

(d)  Mo  engine  nacelle  skin  immediately  behind  a  major  air  outlet 
from  the  engine  compartment  may  act  as  the  wall  of  an  integral  tank. 

(e)  Each  fuel  tank  must  be  isolated  from  personnel  compartments 
by  a  fume-proof  and  fuelproof  enclosure. 

25.975  Fuel  tank  vents  and  carburetor  vapor  vents . 

(а)  Fuel  tank  vents.  Each  fuel  tank  must  be  vented  from  the  tcp 
part  of  the  expansion  space  so  that  venting  is  effective  under  any 
normal  flight  condition.  In  addition  - 

(1)  Each  vent  must  be  arranged  to  avoid  stoppage  by  dirt  or  ice 
format  ion : 

(2)  The  vent  arrangement  must  prevent  siphoning  of  fuel  during 
normal  operation: 

(3)  The  venting  capacity  and  vent  pressure  levels  must  maintain 
acceptable  differences  of  pressure  between  the  Interior  and  exterior 
of  the  tank,  during  - 

(i)  Normal  flight  operation: 

(il)  Maximum  rate  of  ascent  and  descent;  and 

(iii)  Refueling  and  defueling  (where  applicable); 

(4)  Airspaces  of  tanks  with  interconnected  outlets  must  be 
interconnected ; 

(5)  There  may  be  no  point  in  any  vent  line  where  moisture  can 
accumulate  with  the  airplane  in  the  ground  attitude  or  the  level 
flight  attitude,  unless  drainage  is  provided;  and 

(б)  No  vent  or  drainage  provision  may  end  at  anv  point  - 

(i)  Where  the  discharge  of  fuel  from  the  vent  outlet  would  con¬ 
stitute  a  fire  hazard;  or 

(ii)  From  which  fumes  could  enter  personnel  compartments. 

<b)  Carburetor  vapor  vents.  Each  carburetor  with  vapor  elimi¬ 
nation  connections  must  have  a  vent  line  to  lead  vapors  back  to  one 
of  the  fuel  tanks.  In  addition  - 

(1)  Each  vent  system  must  have  means  to  avoid  stoppage  bv  ice; 
and 

(2)  If  there  is  more  than  one  fuel  tank,  and  it  is  neo'ss.irv  to 
use  the  tanks  in  a  definite  sequence,  each  vapor  vent  return  line 
must  lead  back  to  the  fuel  tank  useu  for  takeotf  and  landing. 

25.993  Fuel  system  lines  and  fittings. 

(a)  Each  fuel  line  must  be  installed  and  supported  to  prevent 
excessive  vibration  and  to  withstand  loads  due  to  fuel  pressure  ind 
accelerated  flight  conditions. 

(b)  Each  fuel  line  connected  to  components  of  the  lirpinne 
between  which  relative  motion  could  exist  must  have  provisions  tor 
f 1 exibi 1  it v . 


A-22'3 


<  c)  Each  flexible  connect,  i  n  I:,  fuel  lines  chat  may  he  under 
pressure  and  subjected  t :  ax .  ll  loading  must  use  flexible  h  :se 
assenb lies . 

(d)  Flexible  hose  r.ust  he  approved  or  must  oe  shown  to  ;,e 
suitable  for  the  particular  application. 

(e)  No  flexible  hose  that  might  he  adversely  affected  bv  exposure 
to  high  temperatures  may  be  used  where  excessive  temperatures  will 
exist  during  operation  or  after  engine  shut-down. 

(f)  Each  fuel  line  within  the  fuselage  must  be  designed  and 
installed  to  allow  a  reasonable  degree  of  deformation  and  stretch¬ 
ing  without  leakage. 

(Sec.  bOl,  72  Stat.  778,  -*9  L' .  S .  C .  l-*21i  002 

[Doc.  No.  50b6,  29  FR  18291,  Dec.  12,  196u,  as  amended  by 
Arndt.  2  5-15,  22  FR  1 32  ho.  Sept.  20 ,  i  9<5  7  j 

25.1359  Electrical  system  fire  and  smoke  protection. 

(a)  Components  of  the  electrical  system  must  meet  the  applicable 
fire  and  smoke  protection  requirements  of  25.831(c),  25.363,  and 
25. 1205. 

(b)  Electrical  cables,  terminals,  and  equipment  in  designated 
fire  zones,  that  are  used  during  emergence  procedures,  must  be  at 
least  fire-resistant. 

(c)  Main  power  cables  (including  generator  cables)  in  the 
fuselage  nus,  be  designed  to  allow  a  reasonable  degree  of  deforma¬ 
tion  and  stretching  without  failure  and  must  - 

(1)  Se  isolated  from  flammable  fluid  lines;  or 

(2)  Be  shrouded  by  means  of  electrically  insulated  flexible 
conduit,  or  equivalent,  which  is  in  addition  to  the  normal  cable 
insulat ion . 

(d)  Insulation  on  electrical  wire  jnd  electrical  cable  installed 
in  any  area  of  the  fuselage  must  be  self -extinguishing  wrier,  tested 
at  an  angle  of  ”0  ir.  accordance  with  the  applicable  portions  of 
Appendix  F  of  this  part,  or  other  approved  equivalent  methods ,  The 
average  burn  length  may  not  exceed  3  inches  and  the  aver  age  ' '.  atr.e 
time  after  removal  of  the  flame  sour  •«»  may  not  exceed  3D  sec  vies. 
Drippings  frerr.  the  test  specimen  mav  not  continue  to  flame  for  more 
than  an  averigv  of  3  seconds  after  failing. 

'See.  6  0 1 ,  '  1  r  j  •  .  ~  p  y  t  ,0  "  .  ■- .  C  .  1  j  2  -  ) 

[Doc.  No.  50b o  ,  29  .  b .  If, 29!  ,  IN;-  .  I  l5n.. ,  .as  i men  led 

bv  \mdt  .  2  5-17  ,  33  F.R.  ‘Obo,  'mu-  20,  19n.S;  Am.  it.  2  12 , 

37  F.R.  ' 11 7 2  ,  Feb.  2s,  !  9  7 2  [ 


121.227  Pressure  cross-teed  arrangements . 

(a)  Pressure  cross-feed  lines  may  not  pass  through  parts  of  the 
airplane  used  for  carrying  persons  or  cargo  unless  - 

(1)  There  is  a  means  to  allow  crew-members  to  shut  off  the 
supply  of  fuel  to  these  lines;  or 

(2)  The  lines  are  enclosed  in  a  fuel  and  fume-proof  enclosure 
that  is  ventilated  and  drained  to  the  exterior  of  the  airplane. 

However,  such  an  enclosure  need  not  be  used  if  those  lines 
incorporate  no  fittings  on  or  within  the  personnel  or  cargo  areas 
and  are  suitably  routed  or  protected  to  prevent  accidental  damage. 

(b)  Lines  that  can  be  isolated  from  the  rest  of  the  fuel  system 
by  valves  at  each  end  must  incorporate  provisions  for  relieving 
excessive  pressures  that  may  result  from  exposure  of  the  iseiited 
line  to  high  temperature. 

121.229  Location  of  fuel  tanks. 

(a)  Fuel  tanks  must  be  located  in  accordance  with  121.250. 

(b)  No  part  of  the  engine  nacelle  skin  that  lies  immediately 
behind  a  major  air  outlet  from  the  engine  compartment  may  be  used 
as  the  wall  of  an  integral  tank. 

(c)  Fuel  tanks  must  be  isolated  from  personnel  compartments  by 
means  of  fume-  and  fuel-proof  enclosures. 
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6LCT10N  5 

NTSB  TRANS:1'.' RT  ACCIDENT  DATA 

A  limited-scope  review  and  evaluation  of  2~  survivable  transport 
accidents  covering  the  ten-year  period  from  1Q69  to  1973  was  performed.  The 
results  for  these  17  accidents  in-v iving  tr  insport -cate gory  aircraft  show 
the  most  prevalent  type  of  damage  was  t  '  f a  Pelage  struct  ire  (13).  followed 
by  landing  gears  t.17)  and  wing  structure  (13).  Both  fuselage-  and  wing- 
mounted  engine  conf igurat ions  wet--'  included  in  the  evaluation.  The  occur¬ 
rence  of  engine  separat ion  and  post-crash  fires  were  shown  to  be  equa.  for 
both  types  of  engine-mounted  configurations.  A  higher  percentage  of  occu¬ 
pants  sustained  serious  injuries  or  fatalities  in  fire-related  accidents  as 
compared  to  non-tire-related  accidents.  In  If  of  the  i6  accidents  in  which 
fire  occurred,  at  least  one  fatal  it v  or  serious  injury  resulted.  In  the 
16  fire-related  accidents  involving  1-06  occupants,  nearly  -!  percent  <573) 
suffered  a  serious  injury  or  fatality.  in  the  If  non-f Lre-related  accidents 
involving  1146  occupants,  only  11  percent  ■ !f5>  sustained  a  serious  injury 
or  fatality.  Of  the  16  fire  occurrences,  between  62.5  to  S7.5  percent 
(10  to  14)  may  be  attributed  to  a  wine  failure  or  engine  separation.  Of  the 
13  incidents  resulting  in  fusel  igi  Damage,  l-»  sustained  extensiv-e  fuselage 
damage  which  can  be  considered  of  a  nature  chat  could  potential  1 y  muse 
post-crash  fires  from  ruptured  fuel  cells  and /or  lines  contained  in  the 
fuselage.  General!-/,  the  significant  fuselage  damage  resit  1  to  ;  in  bre.ik-jp 
of  the  airframe  into  thr-e  r  more  -.actions. 

The  results  of  this  brii  f  evaluation  indicate  that  determining  whether 
improvement  of  fuel  retention  luring  transport  airport  crashes  ..  an  re 
achieved,  relates  to  a  careful  ana!  vs  is  of  crash  ‘.at  a  history  -  -  exp  1  >re 
modes  of  failure.  An  18-month  research  program  Reference  13)  funded  be 
FAAN’ASA,  involving  the  three  dottiest  i.  vi  de-pod v  airframe  mantis  )•  tor  or-  is 
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anticipated  to  he  initiated  near  '.he  -me  >:  -*  “  -  :  i  purpos-  : 

developing  crash  scenarios  nj  re  ’Tfi.; :  •  .  ..  j  :  ma  1  v ; :  »  • :  :  >rr 

for  c  ae  development  of  improved  rasmco  r  ‘  i  re  s  s  ,  : :  r  red  ,  :  r  :  r  or.sp  >rt  - 
category  airplanes. 

The  development  of  crash  scenarios  or.  tims  p .  inr.e  :  r-sear  -h  program 
involves  a  comprehensive  review  and  evaluation  tries:  o’,  lira!  me  accident 
data  for  the  period  of  1964  to  1979  to  define  a  ranee  •:  ora.-h  sit  jations  in 
the  takeoff,  approach  and  Landing  modes.  During  the  ourse  ->i  tnis  investi¬ 
gation  a  review  will  be  made  of  fire-related  incidents  with  regard  • 
potential  causes  as  well  as  the  relationship  between  fire  ccrrence,  air¬ 

plane  configuration,  and  structural  damage.  This  stony  will  he  parti  ulariv 
pertinent  to  the  evaluation  of  crash-resistant  fuel  cells  in  mat  rue  instal¬ 
lation  of  fuel  tanks/cells  in  critical  areas  will  be  thorough lv  a.ssesseu. 
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SECTION'  r, 

COMCLL’SrONS  \ND  RECOMMENDATIONS 


CGNCLF3  IONS 


•  within  the  current  state  t he  art  it  is  re  tsi  -  1>.  jp.o  current 

practice  to  install  crishv  ->rchv  fuel  cells  ir.  r.'a-_  fuselage 

jrgt  toapartmer.es  on  :  r,  :  r.  fit  or  new  design  ;  isis . 

•  It  is  not  feasible,  ncr  necessarily  desi  able,  within  the  current 
state  of  the  art  t:  install  crash-resistant  fuel  cells  in  the  win 5s 
of  conventional  transport  aircraft. 


•  The  existing  Federal  Av 
use  c f  eras! -resistant 
!ef inicicr.  >t'  fuel-tar. 
lircraf t  c .nshworth i r.cs 


r  regulations  ore  alecrute  t  )  c  rve-  the 
el  is  In  :  ran  •  ;  rt  a  1  r  :  r  a :  c  .  Further 
sir*.,  rthir.es  s  s'-.  from  total 

ns i lerac ions  . 


RECOMMENDATIONS 


Eri  e  to  recommending  lit.  rai  funded  Rose  ir.n  -tr.d  Devcl  'pv.enc 
programs  involving  NT SO  i  ident  data  review  mo  evaluation,  the 
results  of  the  attic  in  1  tec  t  r.v.tsport  .1  i  r  :  r  ; :  t  r ts. worthiness  study 
involving  the  vi  ue  —  root’  iiririne  n.ir.iji  .uncr'  ns  o  'r.r  re  reviewed. 
.:  warranted  by  the  r-:  -  .L: s  -f  additi'nal  >■:.  .dent  lat«  evaluation, 
design  criteria  to  u-ed  ir.  the  d>.  ve.  -  prior.'  f  i-prr-'d  crash- 
resistant  fuel  ceil,  ,;.c,uld  inod. 


0  Recommend  that  the  EAA  support  the  trip  loner:  it  i  r.  the  CRO 

Aviation  Fuel  -atery  N*5  Report.  No.  -if  Nc  -rente  !  -  '  regarding 
improved  accident  reporting  vhich  s',  it  a  t..e  •'  . '.  awing : 


i  Recommends  1  ions  on  .  ..nr  -v*.;:  \  c  id--nr.  R. 

are  reported  using  u.,-.car:  .•...•c  :  ran;, 
j  ’  Aviation,  either  NT  HE  Fur-,  > .  ’ .  i  i  ,  •_  nn.p 

^  or  NTS3  Form  6110.  -*  completert  bv  the 

data  on  fuel  by  volume  -.r.i  g  •  hut  t- 
of  fuel  release. 


-  A;  rcr-a:r  accidents 

h"  ■  t  operate  r 
cat  r .  Roth  ask  for 
k  informs  tier,  sn  node 


/ 


In  the  case  of  Air  Carrier  accidents,  N'TSB  Form  M20.2  is  used  in 
reporting  ail  civil  aircraft  accidents  involving  aircraft  exceeding 
12,500  pounds  takeoff  weight,  helicopters  and  Alaskan  air  carriers. 
Usually  this  form  is  supported  by  attached  statements  as  well  as  the 
report  of  the  Investigation  Team.  Complete  though  this  form  is,  it 
still  lacks  certain  vital  information  relevant  to  fuel  fires; 
unfortunately  the  usual  attachments  to  this  form  in  an  Accident  File 
also  lack  the  information.  A  revision  of  the  Form  should  focus 
attention  on  the  need  for  information  relative  to  fuel  and  fires. 

The  suggested  additions  to  Form  6120.2  cover  the  following  Items: 

Section  V  -  Cause  of  fatalities,  Fire,  Asphyxiation  or  Trauma. 

Section  VII  -  Exit  Time.  Exits  Used.  Location  of  Exits  and 
Fatalities . 

Section  VIII  -  Fuel  Aboard  by  Volume  and  Grade.  Source  of  Fuel 
Release.  Fire  Extinguishing  System. 

Section  X  -  Site  Conditions,  e.g.,  Surface. 
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I.  INTRODUCTION 


Anti -listing  kerosene  (AMK)  has  reached  the  current  level  of  development  as 
the  latest  in  the  search  for  a  "crash  safe"  aircraft  turbine  fuel.  The  fun¬ 
damental  consideration  in  crash  safe  fuel  development  has  been  to  produce  a 
fuel  which  will  not  result  in  the  fine  fuel  mists  which  will  propagate  a 
flame  from  an  ignition  source  to  a  larger  supply  of  fuel  in  a  rapid  manner. 
These  mists  are  generated  by  the  high  shear  rate  expulsion  of  fuel  from  a 
small  tank  opening  or  by  air  shear/breakup  of  larger  masses  of  fue1  expelled 
during  deceleration .  Preventing  the  rapid  development  of  a  large  fire  arounc 
an'aircraft  involved  in  an  impact  survivable  accident  where  fuel  tank  rupture 
occurs  can  allow  more  time  for  passenger  and  crew  evacuation  and  result  in  a 
higher  rate  of  survivability  in  this  type  accident. 

The  anti-misting  quality  is  imparted  to  the  fuel  by  the  addition  of  low  con¬ 
centrations  of  shear-sensitive  hydrocarbon  polymers.  The  additive  currently 
being  evaluated  by  the  FAA  is  known  as  FM-9.  FM-S  is  a  proprietary  material 
produced  by  Imperial  Chemical  Industries  in  the  United  Kingdom. 

Testing  complimentary  to  the  FAA  program  is  going  on  in  the  UK.  The  joint 
program  is  being  conducted  under  an  agreement  whereby  the  proprietary  rights  of 
ICI  are  protected.  The  current  agreement  will  culminate  near  the  end  of  1980 
in  a  decision  to  continue  further  development  of  A!'K  as  a  concept  or  to  discard 
AMK  as  being  improbable  of  development  for  commercial  aircraft  service. 

The  anti-misfing  additive  has  bee"  shown  to  be  effective  in  reducing  flame  pro¬ 
pagation  through  mists  of  kerosene  fuels  of  contemporary  flash  point  levels 
(100°F  and  above).  Tests  using  anti-misting  additive  in  wide-cut  fuels  of  low 
flash  point  (near  0°F)  and  high  volatility  (e.g.  JP-4,  Jet  B)  snow  little 
relative  effectiveness  in  similar  tests. 

Reductions  in  misting  characteristics  Kave  ^een  found  Ky  galling  or  emul spy¬ 
ing  fuels.  Previous  investigations  have  found  these  methods  of  improving  anti- 
misting  qualities  to  be  severely  lacking  in  other  critical  aspects  such  as 
holdup  of  fuel  in  the  aircraft  tankage. 


Otbe"  fuel  additives  which  improved  anti-mi sti ng  qualities  hav\.  been  investi¬ 
gated.  but  are  not  currently  being  evaluated  for  aviation  fuels. 


II.  SUMMARY 


The  Sub-group  on  Anti-misting  Kerosenes  (AMI)  of  the  SAFER  Technical  Group  on 
Post  Crasn  Fuel-Fire  Hazard  Reduction  Systems  &  Techniques  has  reviewed  the 
development  status  o*  AMK  and  has  reviewed  tne  research  efforts  of  the  FAA 
sponsored  prograns.  This  review  has  been  centered  on  the  programs  under  way 
in  a  joint  effort  between  the  United  States  and  the  United  Kingdom  to  evaluate 
FM-9,  a  candidate  fuel  additive  offered  by  Imperial  Chemical  Industries. 

A  regular  quarterly  meeting  of  ail  the  participants  in  the  US/'JK  effort  on 
FM-9  was  held  to  report  on  the  progress  of  the  individual  programs.  This  meet¬ 
ing  provided  the  Sub-group  with  a  concerted,  but  comprehensive  review  of  the 
current  major  activity  in  the  area  of  AMK  development.  The  information  re¬ 
ceived  during  this  meeting  and  the  collective  previous  experience  of  the  Sub¬ 
group  members  form  tne  basis  for  the  technical  evaluation  made  at  this  time. 

The  Sub-group  finds  that  the  evolution  of  an  AMK  for  commercial  aircraft  offers 
a  potential  improvement  in  crash  safety  by  limiting  the  spread  of  fire  from  an 
ignition  source  through  the  fuel  mist  mat  occurs  when  fuel  is  released  from 
broken  or  punctured  ttnks .  The  group  finds  that  tne  state  of  optimization  of 
AMK  is  such  that  no  rule  making  is  possible  at  t hi r  time. 

The  Sub-group  finds  that  the  established  programs  are  covering  areas  of  interest 
in  FM-9  evaluation  nd  development  such  as  basic  fuel  rheology,  the  effects  of 
air  shear  parameters,  degrade  tier,  of  the  AMK  to  improve  flight  characteristics, 
systems  corpati  b4 1  ■>'  ty  and  crash  tests. 

T  .-azurement  of  ar.ti  -r*'  st  rg  ouality  and  thf  crrtrc  1  arc.  evaluation  of  this 
parameter  during  the  testing  a  •  t  tne  areas  most  ir  nec-c  cf  improvement.  The 
Sub-group  nas  made  other  recommendations  regorging  the  evaluation  cf 

AMK  which  are  enumerated  c- .  sew  here  in  this  report . 


III.  SPECIFIC  COMMENTS  ON  PROGRAMS 


The  US/UK  program  to  evaluate  FM-9  looks  at  many  aspects  of  the  effect i veres t 
and  of  the  utilization  of  this  material  to  produce  an  AMK.  This  broad  spec¬ 
trum  evaluation  is  briefly  described  below  with  a  mention  of  the  participant s 

and  their  sponsors. 

RHEOLOGY  &  PROPERTY  MEASUREMENT 

The  Jet  Propulsion  Laboratory  (NASA)  and  the  Southwest  Research  Institute  (  FA4 
are  investigating  the  fundamental  properties  of  AMK  made  with  P-'-9.  These 
tests  evaluate  the  apparent  viscosity  and  viscosity  variations  of  the  AMK  as  a 
function  of  shear,  temperature  and  test  methods.  Hysteresis  due  to  previous 
history  of  the  materials  are  investigated.  JPL  is  involved  in  an  attempt  to 
model  the  air  shearing  and  droplet  formation  when  AMK  is  introduced  into  an 
air  stream.  SWRI  is  developing  a  spinning  disc  method  of  evaluating  the  rela¬ 
tive  fl aitmabi 1 i ty  characteristics  of  AMK  which  has  been  worked  by  a  degrading 
device  or  by  use  in  a  typical  system. 

There  are  several  methods  of  measuring  properties  of  an  AMK.  ""besc  include- 

T )  A  fi  1  tra  tion  test  where  the  time  to  pass  a  certain  amount  of  fluid 
through  a  specified  metal  screen  is  measured. 

2)  The  mist  flaimahility  of  the  sample  when  subjected  to  a  specified 
set  of  reproducible  conditions. 

3)  A  viscosmeter  which  measures  flow  rate  vs.  pressure  drop  through  a 
specified  bed  of  glass  beads. 

4 )  An  orifice  cup  where  the  time  to  drain  the  fluid  from  n  standardize; 
container  through  a  fixed  orifice  is  measured. 

DEGRADATION 

“Degradation"  is  the  change  of  AMK  from  its  first  formed  state  to  where  'die 
properties  of  the  mixture  approach  that  of  the  base  furl  used  in  producing 
the  AMK.  This  process  may  also  be  described  as  a  restoration"  of  these 
properties  if  the  basis  is  established  as  that  of  the  neat  fuel  before  t'v 
addi  t i  ve  is  r.i  vpd . 


(III.  Specific  Comments  -  Ccnt'd.) 

JPL,  SWRI  (FAA),  and  the  Royal  Aircraft  Establishment  are  involved  in  decree¬ 
ing  methods  development.  The  RAE  has  examined  mechanical  decraders  that  she?.*- 
the  material  at  high  rates.  These  degraders  have  shown  rathe'-  high  power  con¬ 
sumption  requi  remerits . 

JPL  is  to  examine  chemical  degrading.  SWRI  has  examined  the  degradation  which 
results  from  passing  the  fuel  through  a  glass  bead  packed  tune.  This  method 
has  shown  promise  in  that  the  power  requirements  are  reported  to  he  lower  than 
tho.se  of  the  mechanical  degrades. 

PRODUCTION  CF  AMK 

The  supplier  of  FM-9,  Jmperia1  Them i cal  Industrie-,  i :  involve,;’  in  development 
of  methods  to  mix  FM-9  with  base  fuel  to  produce  AMK.  The./  tre  also  involved 
in  the  development  of  production  quality  control  methods.  This  work  has  not 
progressed  to  the  point  where  If!  can  permit  any  resea  rcher  to  proct.ce  his  own 
AMk  using  FM-9  additive  end  to  confidently  obtain  a  product  equivalent  to  that 
which  is  shipped  fror  the  IC1  facility.  Consequently  all  researchers  using  FM- 
must  have  their  test  fuels  snipped  from  the  1C!  fa.i!it>  in  V.’i'mirgton,  Dela¬ 
ware.  A  30  day  shel r  life  is  guaranteed  by  I  Cl  - 

There  is  an  intent  on  the  part  or  the  FAA  to  encourage  :  h-  dt  ve-  icoment  of  alter 
nate  AMK  producing  aeditives  or  processes.  The  furdir.~  (  -  such  activities  is 
currently  secondary  to  the  evaluation  of  FM-9. 

WATER  COMPATIBILITY 

The  RAE  is  examining  the  long  ter  effects  of  waif  tl  or,  r”-r.  This  test 
involve:,  carrying  some  FM-9  'n  the  vented  tip  tank  -jf  f  i  •_  .  a  i  relent.  There 
art  other  efforts  to  examine  water  effects,  but  these  of  f  .•••-:  ;  -’try  with  the 

researcher . 


(III.  Specific  Comments  -  Cont'd.) 


FUEL  SYSTEM  SIMULATOR  TESTS 

Lockheed,  Georgia,  has  completed  an  investigation  of  the  effects  of  FM-9  con¬ 
centration  on  the  performance  of  various  fuel  subsystems  of  the  C-141  in  a 
simulator  for  the  FAA.  They  have  also  examined  the  effects  on  AMKs  made  with 
various  concentrations  of  FM-9  of  their  use  in  the  simulator.  This  testing 
is  reported  in  FAA-RD-79-52  dated  May  1979.  The  simulator  testing  was  fol¬ 
lowed  by  tests  of  fuel  samples  in  an  air  gun  for  evaluation  of  degradation. 

New  fuel  was  used  in  these  tests. 

A  commercial  fuel  system  simulator  test  series  is  being  considered  (FAA/USAF) 
using  the  Douglas  DC-10  fuel  system  simulation.  This  test  series  would  look 
at  other  aspects  of  the  fuel  subsystems  sensitive  to  At'K  and  would  be  run  at 
a  single  additive  concentration.  An  air  gun  test  is  proposed  for  fuel  dearada 
tion  and  fuel  quality  evaluation.  This  test  series  will  be  run  with  new  fuel 
in  each  test  and  will  require  large  quantities  of  test  fuel  to  be  shipped  from 
coast  to  coast.  The  tests  are  described  by  a  preliminary  work  statement  sup¬ 
plied  to  the  Sub-group  members. 

ENGINE  COMPONENTS  TESTS 

A  program  is  being  started  ( NASA/ FAA/ US N )  with  Pratt  i  Whitney  to  look  at 
various  components  of  the  JT8D  engine  fuel  system  in  order  to  assess  the  use 
of  FM-9  in  these  and  other  engines.  The  proposed  tests  were  described  ir  a 
preliminary  statement  of  work  supplied  to  the  Sub-group  members.  A  fuel  con¬ 
troller,  filter,  pump,  injector,  and  combustor  will  be  examined  using  unda- 
graded  and  degraded  fuel.  An  RAE  developed  degrader  will  he  used  in  this  test 
An  attempt  will  be  made  to  also  reuse  fuel  degraded  by  previous  testing.  This 
may  reduce  the  expense  of  fuel  procurement. 

FUEL  AIR-SHEAR  TESTS 

FAA  (NAFEC,  Atlantic  City),  is  conducting  tests  to  examine  AMKs  under  contrc- 
lable  conditions.  Fuel  is  released  from  the  leading  edge  of  an  airfoil  into 
an  air  stream.  An  ignition  source  is  provided.  The  propaoa 4 ic.  c  rlame: 


(III.  Specific  Comments  -  Cont'd.) 


through  the  resultant  fuel  mists  can  be  examined  under  various  fuel  release 
rates  and  using  different  airspeeds.  Many  test  runs  are  planned  to  determine 
the  effects  of  the  various  parameters  involved.  The  results  of  these  tests 
are  to  be  correlated  with  large  scale  crash  tests. 

LARGE  SCALE  CRASH  TESTS 

Large  scale  crash  tests  of  surplus  "Neptune"  patrol  aircraft  are  planned  to 
examine  the  performance  of  AMK  in  large  aircraft  under  simulated  crash  condi¬ 
tions.  Wing  mounted  turbine  engines  on  the  aircraft  will  ho  operating  and  an 
aft  mounted  engine  will  be  simulated.  The  fuel  tanks  will  r-c  intentionally 
ripped  open.  Open  flames  will  simulate  additional  sources  of  ignition.  Mul¬ 
tiple  tests  will  be  run  to  provide  an  evaluation  over  a  range  of  controllable 
parameters . 


SUBSEQUENT  TESTING 

Testing  is  planned  to  evaluate  other  candidate  AMhs  than  FV-S.  The  friction 
reducing  additives  used  in  pipelines  and  other  polymers  may  give  anti -misting 
qualities  when  mixed  in  Jet  A  turbine  fuels.  Previous  offerings  of  this  type 
were  rejected  due  to  undesirable  side  effects,  which  are  thought  to  be  uniaue 
to  their  particular  makeup. 


Further  ground  testing  in  actual  aircraft  and 
ing  is  anticipated  depending  on  the  results  c 


enci nes  ' 

■C  { 


e.entua! 
nesting . 
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IV.  EVALUATION  OF  METHOD 


An  evaluation  of  AMK  has  been  conducted  following  the  charter  given  to  the 
Sub-groups.  The  results  of  this  evaluation  and  specific  comments  follow  in 
the  text  of  this  section  and  in  the  Conclusions  &  Recommendations  sections 
which  follow. 

The  use  of  AMK  will  significantly  reduce  the  fire  and  explosion  hazard  in  a 
survivable  accident  by  significantly  reducing  the  propagation  of  flame  througn 
fuel  mists  such  as  might  occur  during  an  aircraft  crash.  Flame  from  an  igni¬ 
tion  source  could  in  some  cases  be  prevented  from  spreading  to  an  area  where 
a  larger  fuel  supply  is  available.  The  full  scale  crash  tests  planned  by  the 
FAA  will  produce  additional  information  on  this  question. 

The  effects  of  FM-9  on  static  charge  generation  and  relaxation  is  unknown. 

Any  effects  on  micro-organic  growth  are  unknown. 

The  effects  of  FM-9  on  aircraft  systems  is  to  be  evaluated  in  planned  programs. 
The  examination  of  heat  transfer  characteristics  is  significant  to  the  assess¬ 
ment  of  adequate  oil  cooling  and  to  the  cooling  of  electrical  pump  motors. 

The  evaluation  and  development  program  for  AMK  is  directec  toward  a  fuel  with 
properties  that  will  be  usable  in  current  aircraft  with  minimum  modifications. 
AMK  is  not  yet  acceptable  for  use  in  existing  aircraft.  Only  opinions  are 
available  on  when  AMK  could  be  introduced.  It  appears  to  be  at  least  10  years 
away,  but  possible  breakthroughs  could  shorten  this  time. 

The  FM-9  additive  does  not  appear  to  have  a  significant  aircraft  weight  penalty 
associated  with  its  use.  Unusable  fuel  volume  may  be  unchanged.  Engine  driven 
mechanical  degrader  power  loss  is  under  study  and  it  appears  it  nay  be  reason¬ 
ably  acceptable  when  developed. 

The  effects  of  FM-9  on  aircraft  system  maintenance  are  undefined,  however,  they 
appear  to  be  manageable.  AMK  effects  on  system  reliability  are  undefined  out 
are  under  study,  .g.,  critical  engine  component  tests,  m  strong  emphasis  nr. 


(IV.  Evaluation  of  Method  -  Cont’d.) 

maintaining  the  anti-misting  quality  of  the  AMK  "in  the  aircraft"  is  a  require¬ 
ment  of  the  FAA  development  program.  Some  quality  control  methods  are  be'ng 
developed,  e.g.,  viscosity  measurements,  filtration  tests,  and  mist  flamma¬ 
bility  tests. 


V.  COVERAGE  BV  EXISTING  REGULATIONS 

There  are  no  current  regulations  covering  anti  -mi  sti  r,q  kerosenes.  It  is  too 
soon  to  suggest  regulations  to  cover  these  fuels. 


q  ;  g  s 


VI.  CONCLUSIONS 


o  The  AMK  concept  offers  a  potential  improvement  in  crash  safety  fcith 
relatively  little  impact  on  the  aircraft  operation  and  maintenance. 

o  No  regulatory  action  is  possible  at  this  time. 

o  The  FAA  has  established  a  very  ambitious  schedule  for  a  decision  on 

whether  to  pursue  FM-9,  which  calls  for  a  decision  near  the  end  of  1980. 
The  potential  cf  an  AMK  development  should  not  end  on  the  results  of 
.  the  current  prog-am. 

o  The  reuse  of  AMK  in  test  programs  is  highly  questionable  unless  exten¬ 
sive  characterization  data  is  taken  on  the  fuels. 


o  Airgun  flammability  tests  run  to  date  are  only  of  the  go/no-go  variety 
and  give  only  gross  comparisons.  They  do  not  evaluate  velocity  effect 
variations. 


o 


Current  quality  control  methods  are  insufficient!',  defined. 


VII.  RECOMMENDATIONS 


o  The  development  of  an  AMK  should  continue  and  be  expanded. 

Degradation  Concepts 

o  Continue  investigation  of  degrading  concepts.  SWRI  develooments  are 
encouraging . 

o  Degrading  should  also  be  discussed  with  experts  in  the  areas  of  membrane 
technology,  lubrication  technology,  and  various  ultrasonic  concepts. 

o  There  should  be  a  standardization  of  degradation,  both  as  to  method  of 
measurement  and  definition  of  degree. 

Ft^ls 

«.  r, 

o  '  The  present  formulation  of  FM-9  with  carrier  fluid  should  be  given£a 

different  designation  to  separate  test  data  frc~  these  obtained  without 
carrier  fluid. 

o  A  strong  emphasis  should  be  put  on  quality  control  of  the  fuels  used  by 
the  parti  pants. 

o  Tests  involving  flammability  should  be  done  with  a  specification  base  fuel 
at  the  minimum  allowable  flash  point.  The  flash  point  of  most  of  the  fuel 
from  ICI  used  in  fl a/nnabi  1  i ty  tests  appears  to  be  about  20CF  above  the 
minimum  allowed  by  specification. 

o  A  complete  fuel  property  data  record  shot  id  be  main*  ined  on  all  base  fuel 

used . 

o  The  development  of  an  on-site  mixing  capability  of  fuel  used  for  test  cur- 
poses  should  be  a  requirement  of  the  FAA  program  for  logistic  and  economic 


reasons . 


(VII.  Recommendations  -  Cont’d.) 

Engine  Compatibility 

o  A  new  task  should  be  integrated  into  the  front  of  the  engine  compati¬ 
bility  testing  program  to  evaluate  the  effects  of  fuel  degradation  due 
to  testing  of  engine  fuel  system  components  and  the  effects  of  fuel  de¬ 
gradation  using  the  RAE  degrader.  Either  the  preceding  should  be  done 
or  new  fuel  should  be  used  for  each  test. 

Systems  Compatibility 

o  The  airframe  contractor  should  run  the  same  battery  of  quality  control ''fuel 
characterization  tests  on  the  fuel  used  in  the  system  compatibility  testing 
as  will  be  done  in  the  engine  compatibility  testing. 

Water  Tolerance 

o  An  investigation  of  water  content  methods  is  required  (if  water  is  a  problem 
and  it  may  be) . 

Fuel  Handlinc 

o  A  plan  identifying  the  method  of  introduction  of  the  additive  into  the  base 
fuel  at  the  airport  and  the  AMK  into  the  airplane  should  be  set  down  sc  that 
specific  problems  can  be  identified  and  worked  early.  Tnis  will  give  c  bet¬ 
ter  view  of  the  realistic  use  of  AMK  on  the  airport. 

o  The  electrostatics  aspects  of  the  AMK  should  bo  examined. 


o  The  effects  of  standing  following  use  in  tests  (recovery  of  properties) 

should  be  examined. 
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FLAME  RESISTANCE  REQUIREMENTS 


RIGID  DUCTING 
CARGO  LINERS 

ELECTRIC  WIRE  AND  CONDUIT 
DECORATIVE  FLOOR  COVERINGS 


FLAMMABILITY  IMPROVEMENT  CONSTRAINTS 


COI OR  RETENTION 
DIMENSIONAL  STABILITY 
CHEMICAL  STABILITY 


LOCKHEED  10  YEAR  PROGRAM 

INTERIOR  flammability 


FLAMMABILITY  PROPERTIES 
WINDOW  REVEALS 
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■  GLASS/PHENOLIC  TO  CRUSHED  CORE  ONLY.  GLASS/POLYESTER  TO  GLASS/PHENOLIC 
NO  IMPACT 


FLAMMABILITY  PROPERTIES 
OVERHEAO  STORAGE  CABINETS 
BACKS  AND  PANS 
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$19, 000  COST  INCREASE  PER  A/C 


